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COMPUTER PROGRAMS FOR OBTAINING SOUND SPEEDS
FROM DIGITIZED ENVIRONMENTAL DATA

1.0 INTRODUCTION

1.1 Objectives

The planning and analysis of many underwater acoustic experiments require highly
accurate knowledge of the sound-speed structure of the ocean. The most common method
for finding sound speed structure is to take depth vs temperature data, in most cases Ex-
pendable Bathythermographic (XBT) casts, during the experiment. The XBT data are later
converted to sound speed profiles, using the measured temperature profile and salinity ob-
tained from a variety of sources.

This report presents a data flow system (Fig. 1) that uses six separate Fortran programs
which culminate in the calculation of sound speed profiles from digitized temperature data.
Six separate programs were used because it is important to be able to make decisions at key
steps in the process, to insure that values of the sound speed are reliable.

The data flow system allows the user a great degree of latitude in meeting his particular
requirements. As a whole it gives a step-by-step method for obtaining sound-speed profiles.
Starting with a data tape that has comprehensive sets of environmental (Nansen-cast) data
extracted from the National Oceanographic Data Center (NODC) files by Program SEARCHSF
[1], the user may obtain the following information.

1. A chart showing the location of each archival Nansen cast near the ship's track, as
well as the locations of the temperature profiles supplied by the investigator. (Sec. 2.2)

2. Individual plots of the Nansen-cast data extracted from NODC tapes. (Sec. 2.3)

3. Multiple plots of the Nansen-cast profiles grouped by the user to characterized
distinct oceanographic regions. These data are also used to calculate sound-speed statistics,
mean, standard deviation, etc. of the region, and to make a depth vs average salinity punched
card deck for use in sound-speed calculations. The sound-speed statistics may be used in the
process of extending existing profiles to the ocean bottom. (Sec. 2.4)

4. A sound-speed table and plot calculated from the temperature data and from the
average salinity obtained in item 3. If preferred, the user's salinity data may be employed
instead. Also, the salinity used in the sound-speed calculation may be obtained from T-S
curves or depth-salinity profiles. (Sec. 2.5)

The profile plots can include a plot of one standard deviation in sound speed above
and below the mean sound speeds, for comparison with the calculated sound speed. These
curves can be used to extend shallow sound-speed profiles to the full ocean depth.

Note: Manuscript submitted March 16, 1976.
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be presented along with a description of the program used, input control and data cards
needed, Fortran listing of the program, and a sample output. All of the programs were
designed to be run on the CDC 3800 computer, but they were written with easy conver-
sion to Texas Instruments ASC Fortran in mind. Where the program output is a plot, a
digital tape is written for off-line plotting and retention.

1.2 Assumptions

All higher order sound-speed formulae require a value for salinity. While not the most
important variable, values of salinity can significantly affect the calculated value of sound
speed. The National Oceanographic Data Center (NODC) possesses an extensive collection
of Nansen-cast data. This data bank is written on digital tapes and is an excellent histori-
cal source of temperature, velocity, and salinity data from around the world.

A computer program, SEARCHSF (Search Sound Speed File), written in Fortran, has
been developed and reported [1] at the Laboratory. This program has output options of
digital tape or tabulated printout (Fig. 2), and printed profile plots, which can be used in
test cases. The digital tape of Nansen casts generated by SEARCHSF, referred to as the
SEARCHSF tape, is used as input to the system reported here to obtain average values of
salinity and sound-speed statistics of a given area. The SEARCHSF tape can have multiple
files written on it, and to when choosing program parameters care must be taken to not read
past the last file on the tape.

The tabulated printout of SEARCHSF includes a variable identified as IDENTR (Fig.
2). This variable is a record index count and is used as an input parameter in the programs
which use the SEARCHSF tape.

The depth vs temperature data must have the following punch card format.

Card 1: blank card

Card 2: profile title card

Variable Column Format Description

NUM 2-4 13 user-assigned temperature profile number

JD 6-8 13 Julian day

IMO 10-11 I2 month

IDA 13-14 12 day of the month

IHR 16-17 I2 hour (ZULU)

IMN 19-20 12 minute

3



RANGE - --DISTI- - -PSOR DEG LATITUDE

c,Coo - 48,518 43 71 17 0 N
C.C00 100,685 43 62 16 58 N

- C,C00 -- - 102,734 43 72 - 17 22 N
c,Coo 116,895 43 61 16 34 N

-- c,000- - 146,103-- 43 72 17 32 N
cCOO 172,021 42 69 16 45 N
c,C00 181,641- 43 6a 16 43 N

104,237 96,047 43 81 18 6 N
--163 299 1-69065- -43 8-- 2- 18 23 N

,16,E81 111,993 42 89 18 13 N
197,427 134,096 43 92 19 0 N
20.5,685 39,912 43 91 19 12 N
---302,C2s- - 162,462-- 79- 2 20 0 N
,337,329 25,643 79 0 20 13 N

----- 59 ,407 - 131,104 79 -20 --- 22 43 N
E14,Z72 99,216 78 48 24 6 N

---81-9,604 148,204 75 37 23 57 N
871,391 21,402 78 48 24 51 N

----E76,941 --- 53,489 78 ---48 24 48 N
945,426 41,717 78 59 25 39 N

- 945,424 -- d,7i 7- - -59 25 44 N
IOIc,384 112,124 78 69 26 21 N

--1032,785 - 5162,223 78 69 26 37 N
1191,365 87,310 78 77 27 24 N

-- 137C.5594---- - 16,195-- -----78-- 97 - 29 t5 N
139E,371 s9,775 78 98 29 40 N

-1447,657 ----- 126227 - - 114 -- 30 -10 N
1559,264 73,698 114 17 31 1 N

- -162c f422---- 116,510 -- -- 1t4 -- 5 30 59 N
1659,e42 169,612 114 28 32 5 N

LONGITUDE MONTH - YEAR FGEDWNO7PGYNTS AtDRESS IDENTR

61 8 W
62 6 W
62 13 W
61 5s W
'62 38 W
59 46 w
62 49 W
6. 52 w
62 22 w
59 57 w
62 n W
61 8 w
62 n W
60 7 w
6n 54 W
5 L 6 W
57 39 w
58 39 W
5s 2n w
59 2 w
59 25 w
59 32 w
59 58 W
57 4 W
57 30 w
58 q H
58 22 w
57 29 w
55 24 w
58 9 w

4
4
4

54
5
4
5
6
5
6
5
6
4
6
4
6
6
4
6
4
5
S
4
4
6
4
4

1960 3 3325 2I - - 3360 -
1951 308 t2 2688 2
195t 300 i 2-4---2 - 4032 3
1951 300 12 1344 4

- 1938 00 ---- 4704
1965 973 18 oIS 0 6
1938 - --100-- - 19 2016 -

1938 3000 28 5376 8
1951 300 12 6048 9
1965 981 18 672 10
1960 6551 30 7392 ---- Si--
1957 6020 31 6720 12
1960 -5127 - -- 2 _7- 30 -16128 13
1965 951 17 15456 14
1952 -i18 --- 7 t6800 t5
1957 5846 30 9408 16
1954 - 3399 28 - 8064 17
1957 5506 30 8736 18
1954----3202 -- 26 f0080 19
1954 3384 28 11424 20
1957 ---- 45 - -- 10752-- 2V
1954 3430 28 12768 22
1957 6131 31 12096- -- 2 3
1922 1000 19 13440 24
1 1961 6060 31 11225
1950 3396 26 14784 26
1950 2961 27 18144- 27
1959 5309 30 19488 28
1949 2712 2- 9 17472 29
1949 2196 25 23520 30

Fig. 2 - Tabulated printout from program SEARCHSF
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Variable Column Format Description

*NPB 22-23 A2 XBT probe type (ex. T5,T7) if applicable

*TMF 25-28 F4.1 surface temperature (C)

LA 30-31 I2 latitude degrees

LAM 33-34 I2 latitude minutes

*LAB 35 Al N or S

*LO 37-39 13 longitude degrees

*LOM 41-42 12 longitude minutes

*LOB 43 Al E or W

*NPP 45-46 A2 type of paper used in XBT recorder, if
applicable

*ITC 48-49 A2 temperature code, if applicable

*MSQ 50-52 13 Marsden square number

*MDSQ 60-61 I2 one degree square number

*BLT 70-73 F4.1 base line temperature, if applicable

IGS 77-78 I2 salinity group number (will be fully ex-
plained in Section 2.5)

ICOF 80 I1 =0, if there is a question as to the accu-
racy of the temperature profile

=1, if the profile is good

CAUTION: Variables marked with an asterisk (*) are not necessary
for running the programs and are only included for completeness.
They may be left blank on the card.

Card 3: blank card

Card 4 to N: depth vs temperature cards

5
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Variable Column Format Description

NOM 2-4 I3 temperature profile number, the same as
NUM

IDT(I) 5-9 15 depth (m)

TT(I) 10-15 F6.2 temperature (C)

IDT(I) 16-20 six pairs of depth vs temperature values
etc. are

TT(I) 21-26 entered on a card
etc.

Card N+1: blank card

Procedures:

Repeat cards 2 through N+1 for all profiles. This deck is referred to as the tempera-
ture profile deck.

2.0 SYSTEM ORGANIZATION

2.1 Introduction

Section 2.0 gives a detailed description of each step in the system. The computer pro-
grams are presented along with their control cards, input formats, and output options. Typi-
cal outputs are presented as examples.

2.2 Area Survey

A key step in the system presented is choosing those Nansen-cast profiles that will go
into the calculation of average sound speeds and average salinity. Of major assistance in
making these choices is a chart of the area under consideration, showing the positions of
the Nansen casts retrieved as well as the position where the temperature profiles were taken.
If preferred, a ship's track may be substituted for the profile's position. This is done by pro-
gram XBTCHT, which constructs such a chart having a gnomonic projection on a 10- or
29-in. Calcomp plotter.

2.2.1 Program Control Cards (XBTCHT)

7JOB ........

7EQUIP, 1=MT,HI,RO, (Title:SEARCHSF tape),DA

6
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7EQUIP,10=**,WOLODA (Plot tape)

7 FTN,L,X,R

Fortran source deck

SCOPE card

7 LOAD

7

9 RUN,........

2.2.2 Input Control and Data Cards

Card 1: control card

Variable Column Format Description

BOTLAT 1-6 F6.0 minimum latitude degrees (whole
numbers) South= -, North= +

DLAT 7-12 F6.1 increment in degrees between BOT-
LAT and TOPLAT (ex. DLAT=1.0,
one-degree increments)

TOPLAT 13-18 F6.0 maximum latitude degrees
S= -, N= +

BOTLON 19-24 F6.0 minimum longitude degrees
W=-, E= +

DLON 25-30 F6.1 increment in degrees between
BOTLON and TOPLON

TOPLON 31-36 F6.0 maximum longitude degrees
W= -, E= +

CLAT 37-42 F6.1 latitude of point of tangency

CLON 43-48 F6.1 longitude of point of tangency

SCALE 49-54 F6.1 latitude scale in inches per degree
at point of tangency

HTT 55-60 F6.1 height of symbols plotted at location
of each Nansen cast and temperature
position in inches (approximately .07
in.)

7
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Variable Column Format Description

IREC 61-65 I5 IDENTR number of last cast to be
plotted on this chart

SN 66-70 F5.1 = -1.0; Nansen casts in the south
latitude
=1.0; Nansen cast in the north
latitude

EW 71-75 F5.1 = -1.0; Nansen casts in the west
longitude
=1.0; Nansen casts in the east
longitude

NPLOTTER 79-80 I2 =29; plotting on 29-in. plotter
=10; plotting on 10-in. plotter

EOF (end of file card) will terminate the
program.

CAUTION: If the value of SCALE chosen is too large for the plotter,
it will automatically be resealed and plotted for maximum fit. More
than one chart may be generated from a particular file of the SEARCHSF
tape. For the last chart of a file, IREC may be specified larger than
the last IDENTR number of the file; when this occurs, the program
will encounter an EOF on the input tape and either loop back to Card
1 to read parameters for the next file chart or terminate the program.
This method should not be used for the last file on the tape, in this
case the exact value needed for IREC should be entered. It is assumed
that all files generated will be plotted, so there is no provision for skip-
ping files. Finally, the program as currently written will not plot Nansen-
cast positions on a chart that crosses from north to south latitude or
from east to west longitude; separate charts must be made.

Card 2 to N: temperature profile positions or ship's track

Variable Column Format Description

XLAT 1-13 F13.9 latitude in degrees and fractions of a
degree
S= -, N= +

XLON 14-26 F13.9 longitude in degrees and fractions of
a degree
W= -, E= +

IXN 31-35 I5 number of temperature profile X symbol
and number plotted at each location; if
left blank no number will be plotted.

8
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Procedure:

XLAT less than -100.0 will signify the last card of the position deck. The program e
will then loop back to Card 1 for a new chart and will continue to do so until an EOF card
terminates the program.

Run time for this program depends greatly on the chart size and number of positions
to be plotted, but for most cases it should be less than 1 min. per chart, including compi-
lation.

2.2.3 Subroutine GNOMONIC - A subroutine named GNOMONIC is employed to
construct the chart and calculate plotting positions. This program was written by E.B.
Wright, NRL Code 8167, and is well documented in the program listing, Sec. 2.2.4. It
will require somewhat more work to convert GNOMONIC for the ASC machine, but this
should cause no large problems.

2.2.4 Program XBTCHT Fortran Source Listing

PROGRAM XBTCHT
DIMENSION IULF(2) IARR(28),FLTARRAY(254)
CALL PLOjTS(PLTARRAYi254#10c29)
CALL PLOT (,0,0,0.-3)

I BUFFER IN~jjt)(AA)
2 IF(UNIrT1)2o3#1,3
3 READ 100 8 TLATDLA ITEPLAT LETLON DLONTOP(-NsCLAT CLON SCALE HTT
$,IRECSN,EWNFL6T1ER

100 FeRMAT(1 F60oI5,2F5.1P.3X12)
IF(EBF,6s6)500,4

4 Nt-24
CALExSCALE
NSn0

5 CALL GNeM3NIC(8ETLAI,0LATTEPLAl ,ETL6NDL5NTOPLeNCLATCLON,SCAI.
iE,NH,NPLOTTER,PLOT HGTXR)
IF(SCALE.LTCALE)GE TO 6
G6 TO 7

6 CALEPSCALE
GO TO 5

7 READ 101#XLATsXLGNIXN
101 FERMAT(2F13,9#4X.I5)

CALL CO0RDS(XLAT#XLNe)x#Y)
CALL PLOT(XjYs3)
CALL SYMBSL(XYjHTT#4*0.0042)
IF(IXN.LT,1)GG TO e
CALL NUMBER(X*.03,Y 4TTIlXN O.C02hI3)
CALL PLOT(XY,3)
CALL PLOT(XeY,2)

8 READ 101eXLATeXL4N0,IN
IF(XLATLT,-t10,0)G6 TE 9
CALL COQRDS(XLAT XLCKx.Y)
CALL SYMBOL(X#Y#HTT#4PC.0#2)
IF(IXN.LT,1)GE TO e
CALL NUMBER(X4,03,YITT IXNC,0121-13)

9
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CALL PLIT(Xy,30
CALL PLOT(XY#2)
GE TO $

9 PRINT 15-
150 FORMAT(24H PL6T OF IRACK CCFFLEIEL///)

CALL PL@T(X,Y,3)
10 BLFFER IN(1,1)(jBLF(1).IARp(28))
11 IF(UNIT,1)11#12,13,12
12 XLATBSN*ABS(FLSAT(!ARR(6))*(FLEAT(IARR(7))/6',0))

XLSNEW*ABS(FLCAT(IARR(9))+(FLEAT(IARR(10))/60.0))
CALL CRsRDS(XLATxLGN,~XY)
CALL SYMB0L(,XYHTTsNS,0,0,-l)
CALL NUMBiR(X*C.03.YTTIBLF (1)o0.02HI3)
IF(IRUF(1),LTIREC)GC TO 10
CALL PLOT(XR*j4 0,0,0,-3)
PRINT 151

151 FCRMAT(36H NANSEN CAST pE511lEN PLET CMMPLETED///)
CALL SPACLOC
GC TO 3

13 CALL PL9T(XR614,0,0,C,-3)
CALL SPACE00
GG TO 1

500 CALL SPACE00
CALL STOPPLUT
END

SJPPOUTINF GNOMONIC(HIOTLATT, PLATT, TOPLATT, ROTLONN, DLONNC
I TOPIONN, CLATT, LLONN, SCALE, NH, NPLOTTEPOPLOT HGT9XR)
CI)MMON/PRO)FCT/RgR SEC CLATTAN CLAT9XMINYMTNI
COMMON/TARLFS/DtJM(9J),TANLAT(n),DIM(uA2),SINION(q9O)COSLON(IRI)
OATA(Us-GC=.o7453292,)? (RAD=157.295779c131)
BOTLAT=8OTLATT $ ULAT=DLATT 6 TOPI-AT=TOPLATT
HOTLON=ROTLONN $ UON=DLONLN $ TOPtON=TOPLONN
CLAT=CtATT $ CLUN=CLONN

C*O* SURROI1TINF FOR DRAwING A GNOMDNIC CHART ON THE CALCOMP PLOTTER.
C***** ROTLAT,DLATAND OPLAT ARE THE MINIMUMTNCuFMENT,ANO MAXIMUM LATTTUDES
r fOR DnRATNG THE AXES- H8TLONOLDN AND TOPLON APE LIKEWISE FOR LONGIT110E.
C CLAT ANO CLON ARE LAlITUi)E AND LONGITUDE OF THF POINT OF TANGFNCY. ALL OF
C THESF LATITUDES AND LONGITUDES ARF IN DEGREFS9 WEST.,FAST, AND SOUTH.,NORTH+
C.***** SCAtF IS THE LATITUOE SCALE IN INCHES/XEGPFE AT THE POINT OF TANGENCY.
r NH OTVES THF NUMBER HEIGHT IN MULTIPLES OF *03S TNCHES.
C NPLOTTER(IO OR 29) IS THE SIZE OF THE PLOTTFR DRPM USED.
C***** AFTFR THIS SUBROUTINE Is CALLED, THF X AND Y COOPDINATFS OF A PnTNT
C WITHTN THE CHART ARE LALCULATFD BY THE CALL CAlL COOPDS(XLATXLONtXoY)*
C INPUT PARAMFTERS XLA! AND XLDN ARE THE LATITUDE AND LONGITUDE OF THE
C DESIRED POINT IN DEGREES. AND THE COORDINATES WTLL RE RETURNED AS X ANOD Y.

************§**** CAUTI(NS TO JSER **************
C***** THE INPUT PARAMEIERS SPECIFYING LATITUDE AND LONGITUDE LIMITS SHOULD
C ORDINARILY RE IN WHOLE NUM8ERS. TF THEY ARE NOTTHEY WILL RE CHANGED RY THTS
C SUHOUTI\TiF TO THE NEXI LOWER OR HTGHER WHOLF NUMRERS.
C IF rHE I'iPUT SCALE IS TOO LARGE FOR THE PLOTTER STZE SPECTFIED, THE VALUE
C OF THIS PARAMFTER WILL HE REPLACED 8Y THE LARGEST PERMTSSTRLE SCALE AND
C CONTROL wILL RETURN To THE CALLING ROUTINE WITH NO PLOTTING DONF.
C THEN GNOMONTC CAN RE LALLED AGAIN WITH REVTSEU SCALE PARAMrTER.
C**** 4nTE THAT SJRROUTIiNE COORDS DOES NOT CHECK WHETHER XLAT AND XLON SPECIFY
C A POINT L;)TITHN iHE CH-IRT LIMITS. IF THEY APE MORE THAN 1/? DEGREE OUTSIDE
C THE coopRDINATE CALCULATIDN WILL BEF INCORRECT.

10
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C***** ALSO NEITHER CLAT NOR TOPLAT MAY BE MORF THAN 88. DEGREES UNLESS A
C POL1QR PRnJECTION IS DtSIRED. IN THAT CASE ARS(CLAT) MUST RE EXACTLY on.
C***** THE sNOMOnIC PROJECTION IS FROM THE CENTER OF THF (SPHERICAL) FAPTH
C ONTO A TPNGFNT PLANE. ALL GRFAT CIRCLES WILL APPFAR AS STRAIGHT LINES ON
C THE MAP, THE PROjECTiON IS NOT CONFORM4L, AND DISTORTION INCREASES WTTH
C DIS14NCL FROM THE POI0vT OF TANGENCY. IT IS USUALLY 9EST TO CHOOSE A POINT
C OF TANGE\JCY NFAR THE LENTER OF THF AREA REING U'APPEn.
C***** PROrR4AMME JULY 1972 BY F B WRIGHT, NR( CODE 8167.

PtAPER= IPLOTTFR
H=. 035*NH
HALF H=.5*H
R=SCALP*RAn
SCALE LON1=.E+l00
SCALE NjMA=e./SCALE

C*b*** FORMdULAS CHOOSES THF EUJATIONS TO HE USED FOR COORDINATES.
C-LL FORMILAS(CLATqLLON9XqY)
IF(ARSF(CIaT).EQ.90.)GO TO ln
A,' G=D E *CLAT
TAN CLAT=TANF(ARG)
SEC CLAT=SORT(TAN CLAT*TAN CLAT+I.)
SCALE Lr)N=SCALE/SEC CLAT
H SEC rL-AT=R*SEC CLAT

10 PkTNT OnO.OLAICLO£HOTLAr*TOPLAFIDLATiR3TLONITOPLOF1.OLnU
PhTNT Qn33,eH,H
PHTNT )02,SCALESCALE LONSCALE NM

DATELITE:OF.
IF(ROTLON.cT.TOPLON)L)ATELINF=1.
E=o.
IF (ROTiAT.1T.C.)E=*99
BO0 TLAT=LATB=9OTLAT--
E=.99
IF(TOPlAT.LT.0.)E=0-
TOPLAT=LATp=TOPLAT*t

IF(HOTlION.LT.O.)E=.w9
B8 TLON=LONj=ROTLON-t
E=.99
IF(TOPLON.LT.0.)EEO.
TOPILON=LONp=TOPLON+f 
IF( DATFLINF.NE.O.)LUN2=LON2+360
DXLON-. 02/SCALE
NDXLONI=(LONP-LON1) /IJXLON+.5

CO**** TA8LES TAN LAT9 SIN LON, AND COS LON ARE FOR INTFRPOLATION OF C
C NOTE FILLING IN OF COIANGENTS IF TANGENCY IS AT LATITUDE Qg.

NLATLAT2L ATIel
NNLATz\ILAT+?
LAT=LAT1-l
IF(CLAT.E0.90.)LAT=m9-LAT2
IF(CLAT.EQ.-9rs)LATz-89-LAT2
AtG=LAT*OFr,
DO 100 J1l,NNLAT
TAN, LAT(LAT)mTANF(AHG)
LAT=LAT+l

100 ARGARG,+DEG
NLONcLON20LON I1
NNLON=NLON.p
LON=LO'I i-

11
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ARG= (LON-CLON) *DEG
°° P00 U1,NNLON
SIN L0N(LON)mSIN(ARt,)
COS L0NI(LON)=COS(AR(j)
IF(LON.EQ.j8I)LON=-l79
LON=LONj 1

200 ARG=ARGSDEG
IF(nATELINE.EQ.O.)Gu TO 201
DIMuSINLON(179)
DIM(2)*SINLON(180)
DIM(3 )ESINLON181)
DIM 91) COSLON(179)
DIM(92)1COSLON(180)
DIM(93)=COSLON(1811

C***** COMPUTE THE SIZE OF THE PLOT AND CHECK
201 XMTNzYmINn.

CALL CmORDS(9OTLAT9CLONXOYO)
CALL COORnS(80TLATHOTLONX1,Y1)
CALL COORDS(TOPLAT,$OTLONX2,Y2)
CALL COORDS(TOPLAT.CLONX .Y3)
CALL COORnS(TOPLAT9lOPLON9X4#Y4)
CALL COORDS(8OTLAT9TOPLONX5,YS)
BACKLONuCLON-90.
FRONTLONZCLON+9O.
IF(HACKLON.LE.BOTLON)GO TO 202
CALL COORnS(ROTLATqHACKLON9X1jY6)
CALL CnORDS(TOPLAT9HACKLONX2*Y6)

202 IF(FRONlTLON.GE.TOPLON)GO TO 203
CALL COORnS (OTLAT9QRONTLONX59Y6)
CALL COORDS(TOPLAT9FRONTLONX 4 9Yh)

203 XHIN=A4INI(XnqX1,?X2qX3.X49XS)
YMIN=AvTNI(Y09YIY?.Y39Y49Y5)
PLOT Lr=AMAX1(XnOXI X2.X3,X4,X5)-XMIN
PLnT HCT=AMAXI (YOyiY2,Y3.Y4,YS)-YMIN
PHTNT QflnPLOT LG9PL0T HGTPAPER
IF(PLOT HGT.GT.PAPEH)GO TO 86
YmIlm=ykI N-H

C***** THE LOOP ENDING AT 300 DRAWS AN( NU'48EP
Xll =-3 . *H
IF(NLO'I.GT.A0)XL=1 *.*XL
A=1.-1.2*XL/PLOT LG
B51.+4.*H/PLOT HGT
YL=-2 . r,*H
SLAT=81)TLAT+TOPLAT
Ni)LON=i)LON
XLON=PnTLON-OLON
XLAT=BnTLAT
NI)LAT =DIAT
00 300 I-I.NLON.NDLr)N
XION=XI ON+nLON
IF(XLON'.GT.180.)XLON=XLON-360.
CS.LL ClOR09(XLATtXL0,NXY)
IF(XLAT.NE.FlOTLAT)(Go TO 299
LARFL=ARSF(XLON)
CALL NIIM3FR(A*XKXLH*Y+YLHLABFLno.?HT 3 )

?99 CALL PF0T(X.Y,3)
XLAT=S SAT-XLAT
CALL CnORnS(XLATXLQNqXY)
CALL P1 OT(XY92)
IS tX .fiT. XR) XR = X
IF (XLAT .NF. 3OTLAl) GO TO 300
LAREL c A8SF (KLON)
CALL NiM1ER (A*K.XLm*Y+YLtHLARFLon*.2HI3)

FOR FIT ON THE PLOTTER,

S THE MERTDITNS.

12
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300 CONITIN!IE
C**** THE LOOp ENDING AT 500 DRAWS AND NUMRERS THE PARALLELS.

IF(XLAT.GT.TOPLAT-.1o1)DLAT=-DLAT
XLAT=XIAT-OLAT
IF(NLO°\.GT.1Bp)YLm-YL
Do r0o I:1jNLATNDLAT
XL5T=XI AT+nlLAT
CALL COORnS(XL4TXLUN9XY)
IF (DXION .GT. 0) G' TO 301
LAPEL = ARSF (XLAT)
IF(LABFL.EO.9C.AND.NLON.GT.180) GO TO 301
CALL NUMBER (X+YLY-HALF H9H,9LAEL,0.,?HIT)

301 CALL PIOT(X9Y,3)
DO 400 J1,NDXLON
XLON=XION-nXLON
IF(XLO(I.LT.-JPO.)XLUN=XLON+360.
IF(XLO'r.GT.RBO.)XLON=XLON-360.
CALL COORDS(XLATXLONXY)
IF CX .GT. XR) XR ' X

400 CALL PLOT(XY92)
IFCDXLnN.LT.n.)GO To s00
LAREL=ARSF(XLAT) +e5
IF(LARFL.EQ.9O.AND.NLON.GT.180)GO TO 500
CALL NUM8ER (X4YLqY-HALF HoHLARELon. 2H12)

ROO DXLON=-DXLON
C***** PLOT TITLE AND MARK LOCATION OF TANGENCY

HH5H
IF(NH.ST.2) HH=HH-.035

C CALL SYMBOL(-9., HHHv24HNRL PREDICTIVE ACOUSTICS on.924)
C CALL SYMBOL(-9.,HHH,35HGNOMONIC PROJECTION. TANGENCY AT X90.,35)

IF( CLAT.LT.POTLAT.OW.CLAT.GT.TOPLATOR.CLON.LT.BOTLON.OR.
I CLON.GT.TOPLON)GU TO 73
CALL COORDS(CLATCLUNXY)
CALL SYMOL. (XYH,4,0.,-1)
CALL PlOT CO.,0.,3)

73 PRINT 973
RFTURN

R6 SCALE=SCALE*PAPER/PLOT HGT
PRINT 0R6,SCALE
RETURN

900 FORMAT(//* GNOMONIC CHART ROUTINE BY NRL PREDTCTIVE ACOUSTICS*//
I * E B WRIGHT CODE 8167*///* TANGENT POINT AT*FR.3* DEGREES LATI
2TUDF,*FR.3* DEGREES LONGITUDE*/* LATITUDE FROM*F6.1* DEGREES TO*
3 F6.1* BY STEP*F7.2/* LONGITUnE FROM*F6.1* nEGREES TO*F6.1
4 * RY STFP*F7.2/)

901 FORMAT(//* PLOT SIZE*F7.2* INCHES LONG BY*F7.7* INCHES HIGH. *
I * THE SPECIFIED PLOTTER DRUM SIZE IS*F4.0* INCHES.*//)

9n2 FORMAT(* SCALE AT POINT OF TANGENCY=*F6.3* INCHES/DEGREE LATITUDE
1OR *Fq.l* INCHES PEH DEGREE LONGITUDE OR *FB.I* NAUT MI/INCH*/)

903 FP)MAT(/* CHARACTER SIZE CONTR0LaOI4
! * ,GIVING A PLOTTED NUMBER HEIGHT OF*F6.3* INCHES*/)

973 FORMAT(* CHART AXES AND LABELING COMPLETE*//)
9P6 FORMAT(* QFTURN TO CALLING PROGRAM WITH SCALE RECOMPUTED TO MAXIMU

IM PERMTSSTRLE VALUE OF *F6.3* INCHES/DEGREE LATITUOE*//)
ENqD

13
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SUBROUTINE FORMULAS(XLATXLONXY)
COMMONPROJFCT/RR SEC CLATTAN CLAT,XMIN,YMTNI
COMMON/TABLES/DUMC91),TANLAT(9O),DIM(182),SINLON(9O),COSLON(IRI)

C***** CALCULATES X AND Y COORDINATES FOR GNOMONTC CHART, FOR LATITUDE
C LONGITUDE XLAT AND XLON IN DEGREES. NOTE THAT THE ORIGIN TS AT THE
C OF TANGENICY OF THE PROJECTION IF XMIN AND YMIN ARE ZERO.
C***** FIRST CALL TO FORMULAS CHOOSES THE EQUATIONiS To BE USED.

CL AT =XX AT
ASSIGN 100 TO KEY
IF(ABSF(CLAT).EQ.90.)ASSIGN 200 TO KEY
RETURN
ENTRY (OORDS
SIN XLoN=QIJAD INTP(XLONSIN LON)
COS XLON=QUAO INTP(ALON9COS LON)
G( TO KEYCI00,200)

C***** THE ORDINARY CASE WHERE TANGENCY IS NOT AT POLE.
10o TAN XLAT=OAO INTP(ALATTAN LAT)

DENOM=COS XLON+TAN CLAT*TAN XLAT
X=R SEC CLAT*SIN XLUN/DENOM-XMIN
Y=R*(TAN XLAT-TAN CLAT*COS XLON)/DENOM-YMIN
RFTURN

C***** THE SPECIAL CASE OF A POLAR GRAPH USES LIMITING FQUATIONS,
200 R COT XLAT=R*QUAD INTP(CLAT-XLATTAN LAT)

X=P COT XLAT*SIN XLt)N-XMIN
Y=-R COT XLAT*COS XLON-YMIN
R FTURN
END

FUNCTION OlJAD INTP(AY)
DIMENSTON YC90)

C***** QUADRATIC INTERPOLATION TN TAHLE YX).
C NEXT TWO STATFEENTS ENSURE TRUNCATION TO CLOSEST POINT IN TABLE.

K=Y+18',,5
K=K- I8
S=X -K
SPM=S+ I.
SM: SP-
QUAn INITP=.S*S*(SP*Y(K+1)+SM*Y(K-1))-SP*SM*Y (K)
RF TURN
ENiD

2.2.5 Sample Output - Program XBTCHT constructs a gnomonic chart on a Calcomp
plotter, which is shown in Fig. 3. Degrees of latitude and longitude are noted along the left
side and bottom of the chart. The positions of the Nansen casts are denoted by a square
(R) symbol with the number of the cast (IDENTR) beside it. The positions of the tempera-
ture profiles or a ship's track are denoted by a cross (X) and the number of the profile is
plotted if given. The crosses are connected by straight lines. Each chart is accompanied by
a printout; example shown in Fig. 4.

14
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63 62 6 1 60 59 58 57

Fig. 3 - Gnomonic chart showing Nansen-cast positions and a ship's track
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GNOMONIC CHART RO(UTTNE MY NRL PRtLICTIVE ACoUjSTICS

E H WRIGHT CODE 8167

TANGFNT POINT AT Q.0non DEGREES LATITUDF, -61.O0n DEGREES LONGITUDE
LATITUDE FROM 1S.0 oEGRFES TO e5.0 My STE' 1.00
LONGITUDE FROM -64.. DEr.FES TO -s7.0 RY STEP 1.00

CHARACTER SIZE CONT'v0L= 4 *GIVING A PLOTTED NUMPEP HFTGHT OF 0.140 INCHEC

SCALE AT POINT OF TANGFNCY= 1.000 INCHES/OEGREE LATITUDE na n.946 INCHFS PF0 DEGREE LDNSITIJDE OR Ao.Onn NAUT '1T/TNICN

PLOT S17E 5.7O INCHES LONG By 10.08 INCHES HIGH. THE SPECIFIED PLOTTER DRUA SIZE IS In INCHFS.

RETURN TO CALLING PRnGRAM WITH SCALE RECOMPUTED TO MAXTMUM PERMTSSIRLr VALUE OF 0.99? TNCHES/DEGREF LATTTIIDF

GNOMONIC CHART ROUTTNE PY NRL PRtDICTIVE ACOUtSTTCS

E B WRIGHT CODE 8167 z

TANGENT POINT AT l0.0on DEGREES LATITUDE, -61.000 nEGPEES LONGITUDE r
LATITUnF FROM 19.o DEGREES TO e5.n BY STFP 1.nn
LONGITUnE FROM -64.n1 DEGREES TO -57.0 BY STEP 1.00'

CHARACTER SIZE CONTAOL= 4 ,GIVING A PLOTTEn NUMRER HEIGHT OF 0.140 INCHES

SCALE AT POINT nF TANGFNCY= 0G99R INCHES/DEGREE LATITUDE DO 0.91P INCHES 'FQ nEGRFE LONGITUDE OR n0.496 NAUT MT/TNICH

PLOT SIZF 6.71 INCHES LONG BY 10.00 INCHES HIGH. THE cPECIFTFn PLnTTER O9Uq SIZE TS 10 INCHES.

CHART AXES AND LARELTNG COMDLETE

PLOT OF TRACK COMPLvTED

NANSEN CAST POSITIOb PLOT COMPLEIEI

Fig. 4 - Sample printout of Program XBTCHT
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2.3. Nansen-Cast Data Plot (ARCPLT)

After the chart of the survey area has been studied, the groups of Nansen-cast data
chosen as typical to the area are now plotted on a 10-in. Calcomp plotter. This is done
using program ARCPLT. This program can produce four separate plots for each cast:
temperature vs depth, salinity vs depth, sound speed vs depth, and temperature vs salinity.
All depths used are the standard NODC depths.

2.3.1 Water Masses - The surface waters of the ocean circulate in a complex but
predictable manner. For example, the colder, less saline water of the polar regions sinks,
mixes with, and flows under the warmer water of the temperate regions. This produces
a vertical stratification over large areas in the ocean. Water masses can be classified from
their vertical temperature vs salinity distributions [2.3], and this classification can be ap-
plied to the world's major bodies of water.

The profiles produced by ARCPLT can be examined visually and then grouped accord-
ing to their water masses. For this, the temperature-salinity curves are the most useful. Up
to ten separate groups (1 - 10) can be accommodated by the program. See Sec. 2.4.0.

2.3.2 Program Control Cards - Same as Sec. 2.2.1.

2.3.3. Input Control Cards

Card 1 to N: control cards

Variable Column Format Description

IDT 1 Ii =1; depth vs temperature plot
=0; no plot

IDS 2 Ii =1; depth vs salinity plot
=0; no plot

IDV 3 Il =1; depth vs sound-speed plot
=0; no plot

ITS 4 Ii =1; temperature vs salinity plot
=0; no plot

IFLE 5-7 13 number of files to skip on SEARCHSF
tape

IREC 8-10 13 number of records to skip on SEARCHSF
tape. One record contains a complete
profile

INUM 11-13 I3 IDENTR of last record to be plotted

17
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CAUTION: All profiles of a SEARCHSF tape file must be plotted
as a group. After INUM is reached, the rest of the file is skipped and
a new control card is read to process the next file. Intervening files
may be skipped, but care must be taken not to pass the last file on
the tape. Note that the value of IREC is a count of the records to
be skipped and not an IDENTR value. When an EOF card is read the
program will end.

The running time for the program depends on the number of profiles to be plotted
(approximately 10 s for a set of four plots), and on the amount of SEARCHSF tape to
be read. Run times of 2 to 5 min. should be sufficient.

2.3.4 Program ARCPLT Fortran Source Listing

PROGRA" ARCPLT
DIMENSION 18JF?)tIARR(28)TEMS(4>I1N(1ZP)InP(129>SVM(12g)tTmP

$12P),SAL(l?8),PLTARHAY(254),X(l?8),Y(1?8)
CALL PLOTS(PLTARRAY.25491O)
YY= .09('9090909
XX=O. 1
GXX=o.?
GYY= e 1
GYYY=0.2

C IOT=1 DEPTH TEMPERAIURE PLOT
C IDS=1 nEPTH SALINITY PLOT
C IDV=1 DEPTH VELOCITY PLOT
C ITS=1 TEMPERATURE SALINITY PLOT
C IFLE NO. OF FILES TV SKIP, IREC NO. OF RECORD; TO SKIP
C INUM STOP AFTER DOING THIS RECORD NUMRER

1 REaD 2. DTlODSIDViTSIFLEIREC'INUM
2 FORMAT(4T1I313)

IF(EOF,60)1?0950
SO ITh' 0

NFTL=O
3 IF(IFLP.EQ.NFIL)GO 10 4

C4LL SKIPFILE(l)
NFIL=NFIL+l
GO TO '

4 BUFFER IN (1iM(AA)
5 IF(JNITT,1) 56910096
6 IF(IRN.GE.IREC)GO TO 7

IRN=IRN,1
GO TO 4

7 BUFFER IN (j1,)(IBUF(l),SAL(12R))
A IFC(UNIT91)8,99100,9
9 IHN=I~uJF( I)

IFUIDT.LE.o)GO TO It
C D-T PLOT

GY=0.0
GX0.o.
CALL PLOT(GX9GYq3)

18
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CALL PLOT(GXgGY,2)
CALL PLOT(GXX93Y,1)
CALL PLOT(GXXGYY91)
CALL PLOT(GXXGYtl)
GY=GXX*GXX
CALL PLOT(GXtGYtl)
DO 10 J-1,7
CnLL PLOT(GXoGYYY,1)
CALL PLOT(GX*GY,1)
GA=GX+IXX
CALL PLOT(GXoGY91)
DOn 11 JJ-1,4
CALL PLOT(rXgGYY#1)
CALL PLOT(GXGY91)
GXXGX,(XX
CALL PLOTrGXGY,1)

11 CONTINUE
10 CONITINIJE

GMAX=GX+4.0
CALL AX(GXoGYgYY)
GGYAGY-0*1
GYG-GY-0.2
NUM-35
YNoGY*A.1
DO 12 J.1,7
XNaGX-O .1
CALL NUM8ER(XNvYN *12,NUMO.O2HI2)
NUM-NUM-5
CALL PLOT(GXGY93)
CALL PLOT(GXtGY,2)
CALL PLOT(GXGYG,1)
CALL PLOT(GXoGY,1)
GX-GX-GXX
CALL PLOT(GXGy,1)
DO 13 JJxl,4
CALL PLOT(GXoGGY,1)
CALL PLOT(GXgGY91)
GX-GX-GXX
CALL PIOT(GX*GY91)

13 CONTINUE
12 CONTINUE

CbLL PLOT(GXYGYGe1)
XNuGX-o.1
CALL NijMBER(XNNYN. 129NUM,0.0,2HI2)
CALL PLOT(GXtGY,3)
CALL PLOT(GXgGY92)
GX.GX-GXX
CALL PIOT(GXGY91)
CALL Pl.OT(GXgGGY91)
C4LL PLOT(GXgGY,1)
GXmGX-GXX
CALL PLOT(GXoGY91)
CALL AXX(GXGYoYY9GXX)
CALL SYM8OL(5o092*Sq.1211HDPH VS TEMPOsO11)
CALL NUMBERP(5.0,2.O,.12IRNJO.O.2HI3)
CALL NIIMBER(5.0,1*5,.12,IARR(3) 00o.2HI3)

19
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CALL NUMBER(5.5,1.5,.t12ARR(4),0.*02H13)
CALL NUMBER(5.0,1.09.12,1ARR(1B) 0.0,2HI4)
CALL NUMBER(5*5,190..12,1ARR(19) 0.0,2HI4)
JJ2IARP(17)
DO 14 Tu1,JJ
IF(IDP(I).GT.55 0 0)Gu TO 15
JuT
X( )2(TMP(T)*2.0)*0.2
DUIDP(T)
Y(I)=(q500.0-O)*0*001818182

14 CONTINUE
15 CALL L7NE(X#YJ1,-1,.01,1)

CALL PLOT(GMAX,0.0,-3)
CALL SPACEOO

16 IF(IDS.LEP)GO TO 22
C D-S PLOT

GX=O*j
GY=Do* 
CALL PLOT(GXGY,3)
CALL PLOT(rxXGY92)
D0 17 .1.1,6
CALL PLOT(GXGYYY,91
CALL PLOT(GXtGY01)
GX*GX*XX
CALL PLOT(GX,GY,1)
DO 18 ij=h 9
CALL PLOT(GXGYY,1)
CALL PLOT(GXoGY91)
GXEGX+YX
CALL PLOT(GXoGY91)

18 CONTINUE
l7 CONTINUE

GMAX=GX+4.n
CALL AX(GX*GYtYY)
GGY=GY-O.1
GYGsGY-0.2
No Ms38
YN=GY+n.1
DO 51 J=116
XN.GX-'s.1
CALL NUMERE(XNYN9*129NUM90.s02HI2)
NUM5NU-j1
CALL Pt.OT(GXoGY93)
CALL PLOT(GXoGY92)
CALL PIOT(GX9GyG91)
CALL PLOT(GXoGY91)
GXsGX-XX
CALL PLOT(GX*GYl)
DO 19 JJ~1q9
CALL PLOT(GXoGGY91)
CALL PLOT(GXGY91)
GX=GX-XX
CALL PLOT(GxoGygl)

19 CONTINUE
51 CONTINUJE

XNuGX-, .1

20
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CALL NIIMBER(XN9YN. 12vNUM90.0?HI2)
CALL PLOT(GXoGY93) rr,
CALL PLOT(GXoGY, 2 )
CALL AXX(GXtGYYYGXX)
CALL SYM8OL(4*0,2.5*12tl0HDPH VS SALgl.0910)
CALL NtiMBEp(4.02.O.*12,IHN0,09.2HI3)
CALL NUMBER(4.0,1*5,.12,IARR(3) ,0.,2HI3)
CALL NUMBER(4.o5l.5.1l2,IARR(4) oO.n2HI3)
CALL NUMBEp(4.*0,.10.12,IARR(l8) 0,00,2HI4)
CALL NIJMBEP(4.51.O .12,IARR(19) 0.0,2HI4)
JJcIARR(17)
Do 20 T-19JJ
IF(IDP(T).GT.5500)GtJ TO 21
JUT
X( I) =(SAL( T) -32.0) *1.0
D*IDP(T)
Y(CI) =(''500.0-D)*0*0(11818182

?0 CONTIN'l!F
21 CALL LlNE(XY9J,1l-1v.01v1)

CALL PLOT(GMAX0,.09-3)
CALL SPACEnO

22 IF(IDV.LE.o)GO TO 2b
C D-V PLOT

CALL PLOT(o.oto.o,3 )
CALL PLOT(OO.0.909 2 )
GX-0.0
GY.0.0
XXX-lr
DO 23 J- 1l 1 1
GXUGX+XXX
CALL PLOT(GXGY,1)
CALL PLOT(GXgGYYY#1)
CALL PLOT(GXvGYl)

23 CONTINUE
GMAX=GX+4. 0
CALL AX(GXGYYY)
NUMml5sO
CALL NUMBEp(lo.8,lO.l.l2,NUM,0.0,2.HI4)
CALL PLOT(GX#GY#3)
CALL PLOT(GXGY92)
Gyyyyznty-GYyY
D0 24 Jul.11
GXSGX-XXX
CALL PLOT(SXtGY91)
CALL PLOT(GXgGYYYY91)
CALL PLOTCGXgGY91)

?4 CONTINUE
NUMsl44n
CALL NUMBER(-o,2,lo.l.l12INUMto.o92HI4)
CALL PLOT(GX.GY, )
CALL PLOT(GX9GY,2)
CALL Axx(GXGYoYY*GXX)
CALL SYMBOL(0.592*59.12913HDPH VS S. SPD,0.0,13)
CALL NUMBERC(o5,2.o09l29IRN9,00,2HT3)
CALL NUMBER(o.5,l.5,.l2,IARR(3) O.O02HT3)
CALL NUMBER(I.0,1.59.12,IARR(4) o.o02HI3)

21
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CALL NUMBER(D.5,l.0l.12,lARR(1B) D.0,2HI4)
CALL NlJMBER(I.0,1.09.12,IARR(19) 0.02HI4)
JJuIARP(17)
DO 25 TwilJJ
IF(IDP(I).GT.5500)Gu TO 52
J-I
X(I)=(SVM(I) -1440-0)*0-l
DOIDP( I)
Y( T) =(s500.n-D) *0.001818182

?5 CONT INUE
52 CALL L1NE(XYqJ,1-1,.0191)

CALL PLOT(GMAX90.O,-3)
CALL SPACEo0

26 IF(ITS.LE.0)GO To 3 
C T-S PLOT

Gxs0.0
GYs0.0
CALL PLOT(Gx,GY,3)
CALL PLOT(rXsGY,?)
GTY=0.95
xxao.l
GSX=0 *1S
CALL PLOT(GXGTY,1)
CALL PLOT(XX9GTY91)
CALL PLOT(GXgGTY91)
GYOGTY*GTY
CALL PLOT(GXGY91)
NUMan
DO 27 <=117
CALL NUM9ER(GX-.3,GY-.O6,12,N!JMO.0,2HI2)
NUMcNUM+5
CALL PLOT(GXoGY,3)
CALL PLOT(rXoGY92)
CALL PLOT(GXX,GYI)
CALL PltOT(GX9GYl)
GYzGY+GTY
CALL PLOT(GXGY,1)
DO 7R KKU],4
CALL PLOT(XXgGY91)
CALL PLOT(GXtGY,1)
GYwGY+qTY
CALL PLOT(GXtGY91)

28 CONTINUE
?7 CONTINUE

GAY=4.i8
GAX=-. A

CALL SYMBOL(GAX*GAYs.12,8HTEMP (C)990.09R)
NUM=3?
GGY=GY-O .1
GGGY=GY-. 2
00 30 K=1*6
CALL NUMBER(GX-.1GY4+.1 12,NUqO.0,2HI2)
NUM=NUM.1
CALL PLOT(GXgGY93)
CALL PLOT(GXGY,2)
GXuGX*GSX

22
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DO 31 KK=1.9
CALL PLOT(GXoGY,1)
CALL PLOT(GXoGGY91)
CALL PLOT(GXGY,1)
Gx=Gx*SSX

31 CONTINUE
CALL PLOT(GXoGY91)
CALL PLOT(GXGGGYI)
CALL PLOT(GXGY,1)

30 CONTINUE
CALL NUJMBER(GX-.1 GY+.lt.112NUMO.O02HI2)
GAYmGY+.3
GAX=3.-
CALL SYM9OL(GAXGAy9*l29l4HSALINITY (PPT)qo00.on4)
CALL PLOT(GXGY,3)
CALL PI-OT(GXoGY92)
GMAX=GX+4.0
Do 32 K=1.7
DO 33 KK=1,4
GYNGY-nTY
CALL PLOT(GXGY,1)
CALL PLOT(GX-.1,GY,1)
CALL PLOT(GXGY,1)

33 CONTINUE
GYxGY-sTY
CALL PLOT(GXoGY91)
CALL PLOT(GX-.2tGYl)
CALL PLOT(GXGY91)

32 CONTINUE
GY-GY-GTY
CALL PLOT(GxtGY,1)
CALL PLOT(GX-.*1GYol)
CALL PLOT(GXqGY91)
GY=GY-iTY
CALL PLOT(OXoGY91)
DO 34 Ku1,
DO 35 KK-1,9
GXEGX-nSX
CALL PL.OT(GXtGY91)
CALL PlOT(GXoGY+.1,1)
CALL PLOT(GXoGY91)

35 CONTINUE
GX-GX-nSX
CALL PLOT(GX*GYl)
CALL PLOT(GXoGY+.291)
CALL PLOT(GXGY1l)

34 CONTINUE
CALL SYMBOL(6*5,2959912913HTEMP. VS SALt0n.0,13)
CALL NIAMBER(6.5,2o,.l2,IRN90,002HI3)
CALL NUMBER(6.51.15,12,1ARR(3),0.02HI3)
CALL NUMBER(7.0,1.59.12,IARR(4),0O9D2HI3)
CALL NUMRER(6.5,1.0,.12IARR(18) 0.0,2H14)
CALL NUMBER(7.o,1.o.l2,IARR(19) 0.0.2HI4)
JJRIARP(17)
DO 36 TI1,JJ
Y(T)=(TMP(T)+2.0)*0-25
X(J)w(ScAL( )-32.0)*1.5
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36 CONTINIE
CALL LlNE(XqY9JJ91900, 0.0,-)
CALL PLOT(GMAX90.09-3)
CALL SoACEOO

37 IF(IRN.EQ.INUM)GO TO 110

GO TO 7

100 NFILuNFIL.l
IF(NFIL.-GF.3)GO TO 120
GO TO 1

110 CALL SKIPFILEQ1)
GO TO I

120 CALL PLOT(14*OO.O- 3 )
CALL S0CE00
CALL STOPPLOT
END

SUBROUTINE AX(GXtGY.YY)
GGXEGX-0.2
DO I J-19 1 1
GY=GY+YY
CALL PLOT(GXGY91)
CALL PLOT(GGXtGY91)
CALL PLOT(GX9GY91)

I CONTINUE
RETURN
EN()

SUBROUTINE AXX(GXtGYtYYtGXX)
NUM-1000
GNYu8.121818181
GNX=- .5
DO 1 J-im5
GY-GY-YY
CALL PLOT(GXtGY91)
CALL PLOT(GXXGY91)
CALL PLOT(GXGY91)
GY-GY-yY
CALL PLOT(GXYGY91)
CALL PLOT(GXXqGYl)
CALL PLOT(GXoGY91)
CALL NUMBER(GNXGNY .1I2NUM,0.0,2HI4)
CALL PLOT(GXGY,3)
CALL PLOT(GXoGY92)
NUMONUM*1000
GJYSGY-1*878181818

I CONTINUE
GYwGY-YY
CALL PLOT(GXoGY91)
RETURN
END
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2.3.5 Sample Outputs - The plots produced from Program ARCPLOT have the follow-
ing formats.

1. Temperature (-2 to 350C) on a 18.8-cm abscissa vs depth (0 to 5000 m) on a 25.5-cm :
ordinate, shown in Fig. 5.

Legend on bottom right:

Title

IDENTR number

Marsden square 10 square

Distance along track Distance from track

C S 10 15 20 25 30 3 

1000

2000

3000__

5000

Fig. 5 - Calcomp plot, depth (m) vs temperature (CO)

25



D.A. NUTILE

2. Salinity (32 to 35 parts per thousand (ppt) on a 15.3-cm abscissa vs depth (0 to
5000 m) on a 25.5-cm ordinate, shown in Fig. 6

The legend on bottom right is the same as in item 1 above.

32 Z3 34 35 36 37 32

D000 I

2000

3000

4000 ~

5000

Fig. 6 - Calcomp plot, depth (m) vs salinity (ppt)

3. Sound speed (1440 to 1550 m/s) on a 28-cm abscissa vs depth (0 to 5000 m) on
a 25.5-cm ordinate, shown in Figs. 7a and 7b.

The legend on bottom left is the same as in item 1 above.

4. Temperature (-2 to 350C) on a 22.5-cm ordinate vs salinity (32 to 38 ppt) on a
22.8-cm abscissa, shown in Figs. 8a and 8b. Water masses have been noted on the T-S plots.

The legend on bottom right is the same as in item 1 above.

2.4 Statistics and Multiple Plots (VDTSMUPT)

The archival data can now be divided into as many as ten groups (numbered 1 to 10)
and the IDENTR number of each profile noted. As mentioned in Sec. 2.3, each group

26
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1000 

2000 -

3000 _

4000 \
OPH VS S. SPO

11

43 92

197 13345000 _

Fig. 7a- Calcoinp plot, depth (mn) vs sound speed (mis), southern North Atlantic waters
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1410

1000

2000

3000

4000

5000

Fig. 7b - Calcomp plot, depth (m) vs sound speed (m/s), mid-North Atlantic waters showing sub-
surface sound channel
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33 3'
SRLINITI IFPT)

35 36 37

Fig. 8a - Calcomp plot, temperature (C0) vs salinity (ppt), southern North
Atlantic waters; water masses noted
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.33
SPILNITI (TPT)

34 35 35 37 35

Fig. 8b - Calcomp plot, temperature (CO) vs salinity (ppt), mid-North Atlantic
waters; water masses noted
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should characterize a distinct oceanographic region. One method is to overlay the plots
produced in the previous section. The temperature vs salinity and sound-speed vs depth
plots are the most useful.

The number given a particular group is arbitrary. The members of each group do not
have to be consecutive, but they must ascend in number within the group. As many as 60
profiles can make up each group. If there are more than 60 profiles, they may be reduced
by eliminating shallow or older profiles or by reducing several profiles taken at the same
location.

Program VDTSMUPT constructs four separate plots for each group. All members of
the group are plotted on the same sound-speed vs depth, temperature vs salinity, tempera-
ture vs depth, and salinity vs depth plot. The mean value, standard deviation, and standard
error of the sound speed are also calculated for each standard depth of the group, as well
as the average salinity. The statistical portions of the program may be suppressed, and it
is a good idea to check the plots before doing a final set of plots and calculations.

The statistical portion of the program produces a printout of the sound-speed statistics
and a punched card deck having the depth, standard deviation, standard error, the mean, one
standard deviation above and below the mean sound speed, and the average salinity. This
deck is used by the SSCPDN, next program in the calculation of sound-speed values.

2.4.1 Program Control Cards - Same as Sec. 2.1.1.

2.4.2 Input Control Cards

Card 1: control card

Variable Column Format Description

IFLE 1-4 14 number of files to skip on SEARCHSF tape

IREC 5-8 14 Skip through this IDENTR number before start-
ing to process. If the first profile of file is in
the group, IREC=O

NDX 9-12 I4 =1; rewind SEARCHSF tape before starting to
process (must be used if this is the first group
and in the first file of the tape)
=0; the group to be processed has its first mem-
ber in the same file and beyond the last group
processed
=-1; causes SEARCHSF tape to be backed to
the beginning of the current file before proces-
sing (i.e., to process groups that have members
that reside in the current file but are of lower
IDENTR number than those already processed)
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Variable Column Format Description

JREC 13-16 14 IDENTR number of last profile of a
group

IGP 17-20 I4 Group number arbitrarily assigned -

used to designate groups for various
inputs and outputs

ISSK 21-24 I4 =1; multiple plots only
=0; plots, printout, and punched card
deck produced

NFSK 25-28 14 number of groups of plots to skip on
output tape (LU 10)
used to add plots to a tape
=0; no skipping
=1; will skip one group of four multiple
plots, etc.
This option can only be called once on
the first control card of the run.

EOF card will terminate the program.

Card 2 to 4: IDENTR group deck

Variable Column Format Description

INDX(I) 1-4 I4 IDENTR number of the first member
of the group

INDX(I) 5-8 I4 Twenty values to a card; there must be
etc. three cards (60 values). See procedure

Procedure: Member numbers must be ascending. There must also be three cards in
the group deck, leaving the field blank after the last number of the group. Misordering
will cause the group to be skipped. Cards 1 to 4 are repeated for each group, up to ten
sets. All members of a given group must be contained in a single file of the SEARCHSF
tape. Any values to be plotted that fall outside of a grid will be revalued to the maximum
or minimum limit of the grid, but the original value will be used in the statistical calcula-
tions.

The program run time is a function of the number of profiles processed, but it should
be less than 2 min. for all but the largest runs (greater than 150 profiles).

When an EOF card is encountered in the Card 1 position, the program will terminate.
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2.4.3 Program VDTSMUPT Fortran Source Listing

PROGRAM VDTSMUPT
DIMENSTON IRJF(2),IRR(28),TEMS(4),IIN(12p),lnP(128),SVM(12R) ,TMP

$12p),SAL(1?8),PLTARHAY(254)*INOX(6O0)DPH(3O96n),VEL(3O06n}tTEM(309
$60).CAL(30,60)9IDH(i0)
DATA(InHaoulfl2o030o507591009125,150,200,250,300,400,500960097009

o899uo,10o0o11l0.1eO.O130Ol4noOl5oo9l75O92On9,5oO9300on,4oon05oo
$0)

YYno.90 9090909
XX-O. 1
GxX50 .2
GYY=O.1
GYYY=0.2

1 READ 2 IFLE.IRECNOAJREC IGP ISSK.NFSK
2 FORMAT(7I4)

IF lEOF,60) 120.3
3 NFLE=6

Nxl
Ni 1
NoH 1
IF(NFSK.LT.I)G0 TO 402
NFSK=1 ?*NFSK
DO 403 J'1.NFSK
CALL SKIPFTLE (10)

-4n3 CONTINUE
C IFLE- SKIP THIS NO. OF FILES IREC-SKIP THROUGH THIS REC NO.
C NUX=.GT. ZERO REWINiJ FOR THIS PASS
C 3.EQ. ZERO CONTIlNUE ON
C x.LT. ZERO BACKFiLE
C JNE'C=STOP AFTER THIS RECORD NO. IGP=GROUP NO.
O ISSK .GT. n SKIP STATISTICAL CALCULATIONS
C NFSK= NO. OF GROUPS TO SKIP ON PLOT TAPE 9WILL START ON NEXT
C GROUP AND GO ON. IF =0 WILL NOT SKIP FILES

402 READ lno0(INDX(J),J=1v60)
100 FORMAT(20T4)

C INDXzRFCORD NO. TO USE IN CALCJLATIONS , MUST HAVE 4 CARDS EVEN
C BLANK ONES

CALL PLOTS(PLTARRAY9254,10)
IF(NDX) 4,6.5

4 CALL BACKFILE (1)
CALL SKIPFTLE (1)
GO TO 7

5 REWIND 1
7 IF(IFLP.EQ.NFLE)GO 10 A

CALL SKIPFILE (1)
NFLE=NFLE.,
GO TO. -7

8 BUFFER IN (191)(AtA)
9 IF (UNIT91)996,l,6
6 Do 10 J=1,3n

DO 11 JJ=I,60
DPH(J,jJ)=_Q.u,
VEL (JvJJ)=-q.0

TEM (J9 ,JJ) =.9 0
CAL (JqJJ) -Q.0

11 CONTINEJF
IO CONTINJE
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12 BUFFER IN (191)(IBLUWX)SAL(1281)
13 IF(UNIT,1)13,14,1,14
14 IF(IBUF(1).LE.IREC)UO TO 12

IF(IBUF(1).LT.INDX(N))GO TO 12
IF(IBUFC1).GT.INDX(N))GO TO 400

15 IF(IOHCNDH).EQ.IDP(l))GO TO 16
NDHuNDH+1
GO TO 15

16 JUNDH
JJ*IARR(17)*J-1
JJJ-1
IF(JJ.GT.3o)JJ*30

17 IF(IDH(J).EQ.IDP(JJJ))GO TO 18
IF(J*GE.36)GO TO 56
J-J+l
GO TO 17

is DPH(JN)u!DP(JJJ)
VwL(JtN) *SVM (JJJ)
TEM(J#N)uTMP(JJJ)
CAL (J9N)ESAL(JJJ)
JJJxJJJ.1
JuJ+1
IF(JJJ.LE.JJ)GO TO 17

56 IF(IBUF(1).GE.JREC)UO TO 19
N=N+1
NDH-1
GO TO 12

C***** D-V MULTIPLE PLOT
19 Ja1

CALL PLOT(O.090.O.3)
CALL PLOT(os0OO0O2)
GX2O.O
GY-O.O
XXXuj * o
DO 20 K-ll1
GX=GX*XXX
CALL PLOT(GXtGY,1)
CALL PLOT(GX#GYYY,1)
CALL PLOT(GX*GY91)

20 CONTINUE
GMAXuGX,4.O
CALL AX(GXGYgYY)
NUM=1550
CALL NUMBER(10 .8lO.1 .12,NUM,0.0,2HI4)
CALL PLOT(GXGY,3)
CALL PLOT(GXoGY,2)
GYYYY-GY-Gyyy
DO 21 KS1,11
GX-GX-XXX
CALL PLOT(GXtGY1)
CALL PLOT(GXGYYYYI)
CALL PLOT(GXGY1)

21 CONTINUE
NUM=1446
CALL NUMBER (-0o2101 9 12,NUM9O092HI4)
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CALL PLOT(GX9GY93)
CALL PLOT(GXtGY,2)
CALL AXX(GXGYYYGAX)
CALL SYMBOL(O9592*59.12015HDPH. VS S. SPD.,0At15)
CALL SYM8OL(0*5?2.o0.l2?l3HMULTTPLE PLOT,#.0O,3)
CALL SYMBOL(0.5,1 S,.12,5HGROUPo.o5)
CALL Nl)MBER(1.021 .e,1h-t IGP,0.O,2H13)
CALL SYM90L(-96,5.09.12,9HDEPTH (M),90.0,9)
CALL SYMBOL(4o2,lO-lvl2vl4HVELOCITY (M/S)'o.ntl4)
C4LL SPACEOO

22 CALL pLOT(Oa0D9*893)

Y=9.95
?3 IF(OPH(JJJ).GE.0.O)GO TO 24

IFJ.Gf.30)GO TO 29
CALL PLOT(XY93)
J=J+1
G) TO 73

24 IF(VEL(JJJ) LT.1440.0)VEL(JJJ) 1440.0
IF(VEL(JJJ).GT.155(.IQO)VEL(JJJ)U155O.o
IF(DPH(JJJ)oLT*O.O)DPH(JJJ)=0.0
IF(DPH(UJJ),.GT.5500.0)DPH(JJJ)=5500.O
X2(VEL(J9JJ)-1440.0) *0l
Y=(5500.0-DPH(JJJ))*U l0018181l2

25 CALL PLOT(XY,3)
CALL PLOT(XY,?)

26 JwJ+1

27 IF(DPH(JJJ).GE.0o0)GO TO 2A
IF(J.GF.3n)GO TO 29
J=j+i
NPs=3

GO TO ,7
28 IF(VEL(JJJ) .LT.144".O)VEL(JJJ)=1440.O

IF(VELtJJJ).GT.1550.0)VEL(JJJ)-1 550.0
IF(DpH(JJJ).LT.0.0)OpH(JtJJ)=D.0
IF(DPH(JJJ).GT.55Otl.O)DPH(JJJ)z5500.0
Xz(VEL (J9JJ)-1440.0) *01l
Yz(5500.0-OPH(JJJ) )*n.001818182
CALL PLOT(X,YrNP)
IF(J.GF.3n)(0 To 29
GO TO 76

29 IF(JJ.GE.N)GO TO 3O
JJtJJ+1
Jul
GO TO -'3

30 CALL SPACFOn
CALL PLOT(GMAXwO.Oo-3)
CALL SPACEoO

C**** T-s MUJLTIPLE PLOT
GX.o.o
GY= O.o

Jxj

CALL PLOT(GXOGY.3)
CALL PLOT(GXGY,2)
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GTYo.?25
XX-O * 1
GSX'o. 15
CALL PLOT(GXoGTY91)
CALL PLOT(XXGTY,1)
CALL PlOT(GXqGTY,1)
GY=GTY*GTY
CALL PLOT(GXGY.1)
NUMmo
DO 31 K=1,7
CALL NUMBER(GX-.3.GY-.06, 12,NUMtO.O,2HI2)
NUMENU"45
CALL PLOT(GX9GYo3)
CALL PLOT(GX*GY.2)
CALL PLOT(GXXGY91)
CALL PLOT(GXGY91)
GYNGY+GTY
CALL PLOT(GXGY,1)
DO 32 KKI1.4
CALL PLOT(XXtGY91)
CALL PLOT(OGXGY91)
GYaGY+GTY
CALL PLOT(GX.GY,1)

32 CONTINUE
31 CONTINUE

GAYr4oP8
GAXU-. 4
CALL SYMBOL(GAXoGAYo.1298HTEMP (C),9 0 .o,8)
NUM-32
GGY-G -0.1
GGGYNGY-.2
DO 33 K81,6
CALL NUMBER(GX-.1,GY 1 . 12,NUM0.0,2HI2)
NUMxNU+l1
CALL PLOT(GXoGY93)
CALL PLOT(GXoGY92)
GXwGX+GSX
DO 34 KKal,9
CALL PLOT(GX.GY.1)
CALL PLOT(GXGGY.1)
CALL PLOT(GXGYtl)
GX=GX+GSX

34 CONTINUE
CALL PLOT(GXtGY,1)
CALL PLOT(GXGGGY91)
CALL PLOT(GXGY91)

33 CONTINUE
CALL NUMBER (GX-o 1 GY. 1o *12,NUM,0.0t2HI2)
GAYVGY9.3
GAxu3.R
CALL SYMBOL(GAX,GAY9*12,14HSALINITY (PPT) ,00.,14)
CALL PLOT(GXtGY93)
CALL PLOT(GXGY,2)
GMAX=GX#4.0
DO 35 K-1,7
DO 36 KK*I4
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GY-GY-GTY
CALL PLOT(GXtGYr1)
CALL PLOT(MX.o1GY91)
CALL PLOT(GXGY91)

36 CONTINUE
GYwGY-GTY
CALL PLOT(GXoGY91)
CALL PLOT(SX-*29GY91)
CALL PLOT(GXGY91)

35 CONTINUE
GY=GY-STY
CALL PLOT(GXoGY,l)
CALL PLOT(GX-.1,GYo1)
CALL PLOT(GX9GY,1)
GY-GY-GTY
CALL PLOT(GXoGY91)
DO 37 K=196
Do 38 KKu1,9
GXuGX-nsX
CALL PLOT(GXtGY,1)
CALL PLOT(GXtGY+.191)
CALL PLOT(GXtGY91)

38 CONTINiJE
GX=GX-GSX
CALL PLOT(GX.GY,1)
CALL PLOT(GXoGY+.21i)
CALL PLOT(GXgGY91)

37 CONTINUE
C

CALL SYMROL(6.592.5..12,13HTEMP. VS SAL.90.0,i3)
CALL SYMBOL(6.5,2.0. 12913HMULTTPLE PLOTmni O13)
CALL SYMBOL(6 C51.5..12,5HGROUP 0.O05)
CALL NiMBER(7.02,1.*5.12,IGP,0.02HI3)

C
CALL SPACEOO

39 CALL PLOT(nO.00.0'3)
40 IF(TEM(J.JJ).GE.0.0)GO TO 41

IF(JGF.3n)GO TO 44
JuJ*i
GO TO 40

41 IF(TEM(J.JJ).LT.-2.J)TEM(JJJ) -2.O
IF(TEMCJJJ).GT.35.u)TEM(JJJ)u35.O
IF(CAL(JtJJ) .LT.32.f))CAL(J.JJ)s32.n
IF(CAL(JJJ).GT.38. ) CAL(J.JJ)338.0
YC(TEM'JgJJ)+2.0)*0.250
X2(CAL(JvJJ) 32.0)*1.5
IF(Y.GT.*1.O)Y l0.0
IF (Y.LT.0.0)Y20.0
CALL PLOT(X*Y,3)
CALL PLOT(XgY#2)
IF(J.0F.30)GO TO 44
JaJ+1

42 IF(TEM(JJJ)*GE.O.O)GO TO 43
IF(J.GF.30)GO TO 44
Jsj+1
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GO TO 42
43 IF(TEM(JJJ).LT._2.U)TEM(J.JJ)S_2.O

IF(TEM(JJJ).GT.35.U)TEM(J.JJ).35.0
IF(CAL(J9JJ) LT.32.0)CAL(JJJ)332.0
IF(CAL(JJJ).GT.38.0)CAL(JJJ)238.o
Y=(TEM(J*JJ)*2.0)*o0250
XK(CAL(J9JJ)-32.0)*1.5
IF(Y.GT.10.0)YE10-0
IF(Y.LT.0.0)wV0.0
CALL PLOT(XY1l)
IF(J.GV.30)GO TO 44
JsJ.1
GO TO 4?

44 IfiJJ*GE.N)GO TO 45
JJ=JJ4 I
Jai
GO TO 40

45 CALL SPACEOO
CALL PLOT(GMAX0.0-3)
CALL SPACEOO

C**** D-T MULTIPLE PLOT
GY=o.0
GXwooo
Jal
JJX1
CALL PLOT(GKXGY,3)
CALL PLOT(GXoGY92)
CALL PLOT(GXXgGY.1)
CALL PLOT(GXX9GYYr1)
CALL PLOT(GXXoGY91)
GXnGXX*GXX
CALL PlIOT(GX*GY91)
DO 200 K 1.7
CALL PLOT(GXtGYYY#1)
CALL PLOT(GXvGY,1)

zGXGXKGcX
CALL PLOT(GX*GY91)
DO 201 KK=194
C4LL PLOT(GXGYY,1)
CALL PLOT(GXGY,1)
GK=GX*GXX
CALL PLOT(GX.GY#1 )

201 CONTINUE
200 CONTINUE

GMAXaGx+4.0
CALL AX(GXGYqYY)
GGY=GY-0.1
GYGzGY-o.2
NUM=35
YN=GY+o.l
DO 20' K=1,7
XNsGX- .1
CALL NioMRFp(XNYN,* J0NUM90.0,2HI2)
NUMRNU M -5
CALL PLOT(GX.GY93)
CALL PLOT(GXtGY92)
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CALL PLOT(GX.GYGr1)
CALL PLOT(GXrGY.1)
GX=GX-GXX
CALL PLOT(GXGYr,1)
00 203 KK=1,4
CALL PlOT(GXgGGY,1)
CALL PLOT(GXGY91)
GX-GX-GXX
CALL PLOT(GXGY,1)

203 CONTINUE
202 CONTINu}E

CALL PLOT(SX9GYG91)
XNwGX-'f* 1
CALL NljM8ER(XNqYN,.lO9NUM,0.0O2HI2)
CALL PLOT(GXtGY,3)
CALL PlOT(GXqGY92)
GK=GX-Gxx
CALL PLOT(GX.GY,1)
CALL PLOT(GX#GGY91)
CALL PLOT(GXKGYl)
GKxGX-rnXX
CALL PlOT(GXGY,1)
CALL AXX(GX.GYYY.GXX)
CALL SYMBOL(5.092.9.512913HDPH. VS TEMP.9o.0.13)
CALL SYMBoL(5%0,2e09.1213HMULTIPLE PLOTon.01 3)
CALL SYMBOL(5.0,1.5so12,5HGROUP,0*05)
CALL NJMBER (5.52'1 .b,*l2'IGPo0.l2HI3)
CALL SYMROL(..695-09.129YHDEPTH (M),q.0,tq)
CALL SYMBOL(3.3910.e5o-1098HTEMP (C)9OO8)
CALL SPACEOF

204 CALL PLOT(o.o010.O.J)
X=o.0
Yclo.n

205 IF(DPH(JJJ).GE,.0.OGO TO 206
IF(J.GF.30)GO TO 211
CALL PLOT(XY93)
J=J.1
GOj TO 05

206 XK(TEM(JJJ)*2.O)*0.2
Yn(550)nO-DpHCJJJ))*O.001818182

207 CALL PLOT(XrY3)
CALL PLOT(XY,2)

2n8 Jmj+l
NPm?

2n9 IF(DPH(JJJ).GE.o.o)GO TO 210
IF(J.Gr.3O)GO TO 211
J=J*1
NPm3
GO TO ?09

210 X=(TEM(J*JJ)*2.0)*0.2
Y3(55 .o-DPH(JJJ))*O.001818182
CALL PLoT(XYqNP)
IF(J.Gw.3n)GD TO 211
GO TO POB

211 IF(JJ.GE.N)GO TO 21e
JJZJJ.1
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Jul
GO TO 205

212 CALL SPACE00
CALL PLOT(GMAX90.09-3)
CALL SPACEOO

C**** D-S MULTIPLE PLOT
GXs0.0
GY-0.0
Jul
JJw1
XX-0.15
CALL PlOT(GXGY,3)
CALL PLOT(GXtGYV2)
DO 213 K-1,6
CALL PIOT(GXGYYY1)
CALL PLOT(GXqGY.1)
GXuGX+XX
CALL PLOT(GXGY,1)
DO 214 KK=199
CALL PLOT(GXGYY,1)
CALL PLOT(GXGY,1)
GXuGX+XX
CALL PLOT(GX,GY,1)

214 CONTINUE
213 CONTINUE

GMAXnGX*4.o
CALL Ax(GXgGYoYY)
GGYZGY-0 *
GYG=GY-0.2
NUM=38
YNnGYA*.1
DO 21 K*1.6
XNuGX-0.1
CALL NiMREp(XNwYN,.olONUMv0.O02HI2)
NUMONUM- 1
CALL PLOT(GXOGY93)
CALL PLOT(GXoGY92)
CALL PLOT(GXtGYGl)
CALL PLOT(GX.GY,1)
GXGXXX
CALL PLOT(GXGY,1)
DO 21t KKulqq
CALL PLOT(GXOGGY91)
CALL PLOT(GX*GY,1)
GX-GX-XX
CALL PLOT(GXoGY9 1)

216 CONTINUE
215 CONTINtjE

XNaGX- . 1
CALL NU!MBER(XNYN, lo0NUM,0no02HI2)
CALL PLOT(GXeGY,3)
CALL PLOT(GXtGY92)
CALL AXX(GXoGYYYGAX)
CALL SYMBOL(6.o02*5**12,12HDPH. VS SAL.9o.o012)
CALL SYMBOL(6.*02.09.12913HMULTIPLE PLOTgn.O9.1)
CALL SYMBOL(6.o0l.5.*12,5HGROUPO.05)
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CALL Nl4M8EP(6.52,lb.1l2tIGPO.O,2HI3)
CALL SYMBOL(.-6,5#09*12,9HDEPTH (M),90.0,0)
CALL SYMBOL(3.5,1Oee5,10914HSALINITY (PPT)0,.014)
CALL SPACF00

217 CALL PL.OT(O.0,1O0,i9)

Y-10.0
XX=O .1

218 IF(0PH(J9JJ).GE.O.0)GO TO 219
IF(J.GF.3o)GO TO 224
CALL PLOT(X.Y93)

GO TO ?18
219 Xx(CAL(JgJJ)-32.0)*1.5

Y=V5500.0-DPH(J JJ))*0.001818182
220 CALL PLOT(X.tY3)

CALL PLOT(X.Y92)
2?1 J=J+1

NP.?
222 IF(DPH(JgJJ),GE.0*O)GO TO 223

IF(J.GF.3n)GO TO 224
J3J+I
NPu3
GO TO ?22

223 X(CAL(JqJJ)-32.0)*1.5
Yu(550.0.D-PH(JJJf)*O.001818142
CALL PLOT(X9YNP)
IF(J.GF.30)GO TO 224
GO TO 721

224 IF(JJoGEoN)G0 TO 223
JJEJJ+1
Jol
GO TO 219

225 CALL SPACEOD
CALL PLOT(GMAX90.09-3)
CALL SPACEO)
IF(ISSK.GT.n)GO TO 1

46 Jai
JJ-I
ICOLuN
PRINT 6n

60 FOPMAT(20H VELOCITY STATISTICS//)
PRINT 7

47 FORMAT(102H GROUP DEPTH MEAN VAL. ST. DFV.
$LUE 1 VALUE 2 SUM X SUM X**2 N//)

48 Nap
SIJM 0 , ~
SQUMX .0
SSbLzo *o
00 49 JJzT.ICOL
IF(VEL(J#JJ).LT.O.0)GO TO 49
SUMUSUM+VEL(JtJJ)
SWUM=SOUM+(VEL(JoJJ))**2
SSAL2SSAL+CAL( JJJ)
NzN.1

49 CONTINUE
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IF(N.LF.0G0 TO 52
ANzN
ANNON
AMFANu SUM/AN
ASALASS AL/AN
IF(ANN.LE.l.0) ANN*2.0
STDEVUSQRT(CSQUM.(AN*AMEAN**2))/CANN-1.O))
STFRR=STDEV/SQRT(AN)
STLO=AMEAN.STDEV
STHIzAMEAN+STDEV
PRINT qolGPIDH(J),AMEANtSTDEVSTERRSTLOSTHI1SUMSQUMN

so FORMAT(lX.14,3X9KI54XF8.2,3XFl1o4,2XF1O*4,3X.F7.2,4XF7.2,2Xtg
S.2,2XF14.2,3X, 3)
PUNCH 51,IGPIDH(J),STLOSTHIASALtAMEANSTDEVSTERR

51 FORMAT(lXK, 4 95XI5,3XF7.923XKF7.2t3XKF7.2,7XFBQ2,FlOe4oF10*4)
52 IF(J*GF*30)GO TO 5.

Jj.1~
GO TO 48

53 IVD=-1
PUNCH S4.IDD

54 FORMAT(1KT4)
PRTNT 5

55 FORMAT(IHl)
GO TO 1

4no PRINT 401ITGP
401 FORMAT(33H INDX NOS. OUT OF OROER FOR GROUP,2X*I4,2X,15H SKIPPING

1GROUP)
PRINT q5
GO TO I

120 CALL PLOTt5.0D.Ot-,3)
CALL SPACEpo
CALL STOPPl.OT
REWIND I
REWIND 10
STOP

SURROUTINE AX(GXKGYYY)
GGX=GX-0.?
00 1 J:1,ll
GY=GY+YY
CALL PL.OT(GXGY,1)
CALL PLOT(GGXGY,1)
CALL PLOT(GXoGY,1)

1 CONTINUF
RWT LRN
ENn)
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SURROUTINE AXX(GXtGYoYYGKXX)
NUM1000
GNYV8.121818181
GNXw-, .5
DO 1 J= 1 9 5
GYZGY-YY
CALL PLOT(GX#GY91)
CALL PLOT(GXX9GY,1)
CALL PLOT(GXoGY91)
GYmGY-YY
CALL PLOT(GXoGY91)
CALL PLOT(GXX9GYV1)
CALL PLOT(GXoGY91)
CALL NUMBER(GNXKGNYV*12,NUM,0.O2HI4)
CALL PLOT(GXKGY,3)
CALL PLOT(GXqGY92)
NUMENUM41000
GNYVGY-1.878181818

I CONTINUE
GYVGY-YY
CALL PLOT(GXGYV1)
RETURN
END

2.4.4 Sample Output - Program VDTSMUPT produces the following outputs.

1. Multiple plot of sound speed vs depth shown in Fig. 9, having the same dimensions
as 2.3.5 (3).

Legend on bottom left:

Title

MULTIPLE PLOT

GROUP** (number)

2. Multiple plot of temperature vs salinity, shown in Fig. 10, having the same dimen-
sions as 2.3.5 (4).

The legend on bottom right is the same as in item 1 above.

3. Multiple plot of temperature vs depth, shown in Fig. 11, having the same dimensions
as 2.3.5 (1).

The legend on bottom right is the same as in item 1 above.

4. Multiple plot of salinity vs depth, shown in Fig. 12, having the same dimensions
as 2.3.5 (2).
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VELOCITT IM/S)

Fig. 9 - Multiple plot, depth (m) vs sound speed (m/s)
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SRLINITY (PPT)
34 35 36 37

Fig. 10 - Multiple plot, temperature (CO) vs salinity (ppt)
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Fig. 11 - Multiple plot, depth (m) vs temperature (CO)
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SALIN11Y FPPTI

Fig. 12 - Multiple plot, depth (m) vs salinity (ppt)
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The legend on bottom right is the same as in item 1 above. All plots are made on a
10-in. plotter.

5. Punched card deck of sound-speed and salinity statistics, referred to as the average
salinity deck. Each group produces a set of up to 31 cards of the following format:

Variable Column Format Description

IGP 4-5 I2 Group number

IDH(J) 11-15 I5 standard depth (0 to a maximum of
5000 m)

STLO 19-25 F7.2 mean sound speed minus one standard
deviation (m/s)

STHI 29-35 F7.2 mean sound speed plus one standard
deviation (m/s)

ASAL 39-45 F7.2 average salinity (ppt)

AMEAN 53-60 F8.2 mean sound speed (m/s)

STDEV 61-70 F10.4 standard deviation (m/s)

STERR 71-80 F10.4 standard error (m/s)

Last card of each group has -1 in column 4-5.

6. Printout having one page per group, shown in Fig. 13. Each column of the print-
out is noted below.

Column Description

1 Group number

2 standard depth (m)

3 mean sound speed (m/s)

4 standard deviation (m/s)

5 standard error (m/s)

6 mean sound speed minus one standard deviation (m/s)

7 mean sound speed plus one standard deviation (m/s)
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Column Description

8 sum of the sound speeds in the group (m/s)

9 square of the sum of the sound speeds in the group (m2 /s2 )

10 number of sound speeds in each sum

VELOCITY STATISTICS

MEAji VAL. ST. 0EV. ST. ERROR

1539.73
1539.71
15 19.41
1I39.15
153R.59
1517.77
1536.27
1574.o9
1531 .59
1526.4s
1572.49
151 8.96
151 2.99
15,6.*R
15nI .20
1495.Q6
1402.84
491 .68

1491.53
14El .62
1491 .92
1402.24
1492.77
1403.36
1495.70
1498 .46
15n4.R8
1511.94
1527.60
1544.37

1.4347
1.4429
1.6681
1.5501
1 *3405
1.3563
1.6816
2.n331
2. 0481
2.17n7
2.1610
2.8392
4.o264
4.1667
2.3696
2.6843
2.553o
1.7285
1.7951
1.5786
1.3387
1 .1971
n.9176
o .6929
0.4898
0 .3579

0. 1923
0.3437
0. I000
0.3215

n.0 704
*.3725

0.43o7
0.4002
n.3461
0 .3502
0.4342
0O 434
O.5474

o .5801
0.5776
0 . 7588
1 .733
1.4176n .7899

o. 8948
o .851 o

0.6111
0 . 7329
O .7060
0 .5987
n .5354

0.41o3
0.3099
n.2191
n.1601
0.!860
0.1537
0 *)578
0 1856

VALUF I

1538.3n
1538.26
1537.7S
1537.6m
1537.29
15h6.41
1534.59
1532. nS
15?9.54
1524.29
1570.37
151 6.13
1508 .96
15n7.11
1498.A3
1493 .27
1490.n9
14R9.9S
14A9.74
1490-04

1490.5S
14l *1 04
1491.Rn
1442-61
1495.21
1498.I'
15n4.69
1511.6n
1577.5n
1544. 0S

VALUF 2 qUM X

1541.17

1s41-19
1941.09
1s4n.7n

1S39.93
I939.1?

1537.9S

1536.13
133.64
1528.632
IS24.65

Is21. -n
1 91 7.o n2

151 0.495
1903.57
1498.64

1495 -4 0

1493.40
1493-33
1497.-0
1493.76
1493.44
1493.$64
1493.99
1496.19
1498.R8

ISW0.n7
1512.28
lr27,7n

1S44.69

23q96.0,
23095.6n
73391.27
23087.2,
23078.8r
P3 P66. sn

23044 4 1
711477 .7?

21442.3r
21370.30,
21314.9m
71765.5n
151 29.9n
15n62.Pn
13510.,n
13463.6n
13435. *6
11933.4p

AQ49.2,
7458 ,I r
7459.6r
7461 .?,
7 4b3.6r
7466.9on
7478.5"
7492.3n
7S24 .4'
7559* 7
4982. 8n
4633 .

Fig. 13 - Printout of velocity statistics produced by Program VDTSMUPT

2.5 Sound Speed Calculation and Plot (SSCPDN)

Each temperature profile should now be examined using the depth vs temperature
multiple plot from Sec. 2.4.4(3) and the chart produced in Sec. 2.2. The character of
the profile and its relationship to the positions of the grouped Nansen casts should be
considered in order to assign to each profile one of the group numbers (Sec. 2.3.1). This
is the number that should appear on Card 2 (title card), columns 77-78, of the tempera-
ture profile deck of Sec. 1.2.

Program SSCPDN calculates sound speed for each value of the temperature deck using
the first three terms of Leroy's second formula. The value of salinity at any given depth
is found by linearly interpolating the salinity vs depth data. A printout and/or punched
card deck is produced as well as a depth vs sound-speed plot. The plot consists of the

49

SUM X*ewGROUP DEPTH

In

1 301 1;0

1 75
1 100
1 125
1 ISO
1 2no
1 250
1 300
1 400
1 500
1 600
1 ?no
1 800
1 9oo
1 1000
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1 120n
1 1300
1 1400
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1 1750
1 2000
1 2500
1 3000
1 4000
1 5000

35q61709,8A
5596o478.44

3S46Q40. 1?
35534620.56
390o8759.12
3547n97O.57
35402075.91
3294791 9.44
3284n928.05
3262n755.69
32451843.71
3P30 1h39.81
72291533.31

P2688950.64
302924S7.89
701n4on4.86
70nn573j7-96

i78on775.36

13348046.22
11124661.09
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11131906.P2
11141068.36
11149726.37
1 1185593.41
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I n
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calculated sound speeds denoted by an octagon symbol. Two additional plots are created
by adding and subtracting the archival standard deviation from the mean sound speed. These
two traces can be used to extend the calculated sound speeds to the ocean bottom. Any of
the three output options - printout, punched cards, and plots - may be suppressed, but if
the printout is omitted the punch card deck will also be omitted.

2.5.1 Leroy's Second Formula - The second formula of Leory is

V(sound speed m/s) = VO + VA + VB + VC + VD,

where

VO = 1493.0 + 3(T-10.0) - 6X10-3 (T-10.0) 2 - 4X10-2 (T-18.0) 2

+ 1.2(S-35.0) - 10-2 (T-18.0) (S-35.0) + Z/61.0

VA= 10-162 + 2X10-462 (T-18.0)2 + 10-165/90.0

VB = 2.6X10-4 T(T-S) (T-25.0)

VC = 10-362 (6-4.0) (6-8.0)

VD= 1.5X10-3 (S-35.0)2 (1.0-0) + 3.0X10-6 T2 (T-30.0) (S-35.0),

in which

T = temperature (C)

S = salinity (ppt)

Z = depth (m)

6 = depth (km) = Z/1000.0

0 = latitude in degrees and fractions of a degree.

The first three terms (VO, VA, VB) are accurate to ±0.3 m/s as compared to Wilson's
second equation for temperature -2 to 300C, salinities 30 to 42ppt, and depths 0 to 7200
m. Because these conditions cover most of the world's oceans, the program was limited
to the first three terms, but it can easily be modified to include all five terms if necessary.

2.5.2 Depth vs Salinity - Many programs which calculate sound speed use the tempera-
ture vs salinity profile for obtaining a value of salinity. Because of this, program SSCPDN
provides for using such input profiles. Unfortunately, there are large areas of the ocean where
currents such as the Gulf Stream cause so much mixing that a particular temperature value can
have more than one value of salinity. Handling such multivalued functions leads to serious
problems. The single-valued salinity as a function of depth seemed a simple solution, and
with this in mind the punched card deck described in Sec. 2.4.4 (5) was produced as primary
input to this program.
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2.5.3 Program Control Cards

7JOB ....

7EQUIP,10=**,WO,LO,DA (plot tape)

7 FTN,L,X,R

Fortran source deck

Scope

7 LOAD

7 RUN,......

2.5.4 Input Control and Data Cards

Card 1: control card

Variable Column Format Description

IGP 1-3 I3 =0; depth vs salinity input profiles
=1; temperature vs salinity input profiles

NGP 4-6 I3 less than or equal to 10
highest Group number (for example, if
we have assigned Group numbers 1, 4,
8, then NGP = 8)

IPSK 7-9 13 =-1; no printout or punched cards
=0; printout, punched card deck, and
plot for no punched card deck, see IPUS
=1; no plots

IYR 10-12 13 year profile was taken (example IYR=74)
used on the plots

IPUS 13-15 13 =1 and IPSK=O; no punched card depth
vs sound-speed deck
=1 and IPSK=-1; no punched cards no
matter what the value of IPUS
=0 and IPSK=O; punched card deck
produced

IPRP 16-18 I3 number of points to skip between the
plotting of the symbol on the plot of
the calculated sound speeds, all points
are connected by a straight line
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Variable Column Format Description

=0; every calculated point will have a
symbol

IAVV 19-21 13 =1; the statistical limits of the sound
speed will not be plotted; this will be
the case if the temperature vs salinity
input deck option is chosen or if the
extra plotting is to be omitted from
the depth vs salinity input option.
=0; limits will be plotted

EOF card will terminate the program.

Card 2 to N: IGP=0 option, depth-salinity deck from Sec. 2.4.4(5)

Variable Column Format Description

IG 4-5 I2 Group number

IDH 11-15 I5 standard depth (m)

SPA 19-25 F7.2 mean sound speed minus standard
deviation (m/s)

SPB 29-35 F7.2 mean sound speed plus standard
deviation (m/s)

ASAL 39-45 F7.2 average salinity (ppt)

CAUTION: Up to ten groups of 31 cards may be read in with the
depth increasing. Each group is terminated when IG =-1 is read, and
the entire set of groups is terminated when IG =NGP. The deepest
depth of any group must exceed the maximum depth of any input
temperature profile.

Card 2 to N: IGP=1 option, temperature vs salinity deck

Variable Column Format Description

IG 4-5 12 Group number

TEMP 11-20 F10.2 temperature (C)

ASAL 21-30 F10.2 average salinity (ppt)
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CAUTION: Up to ten groups of 30 temperature-salinity pairs may
be read in. Each group is terminated when IG=-1, and the entire set
of groups is terminated when IG = NGP. The order must decrease
from the highest temperature. The range of temperatures must ex-
ceed all temperature profile values of a given group.

Card N+1 to M: IGP=1 and IAVV=1 option, sound-speed limits deck

Variable Column Format Description

IG 4-5 I2 Group number

IDH 11-15 I5 standard depth (m)

SPA 19-25 F7.2 lower limit of the sound speed (m/s)

SPB 29-35 F7.2 upper limit of the sound speed (m/s)

CAUTION: This deck is needed when, even though a temperature
vs salinity profile approach was used, a plot having the statistical
limits of the sound speed is desired. The number of groups should
correspond to those of option IGP=1. Each group is terminated
when IG=-1, and the entire set is terminated when IG = NGP.

Cards M to K: temperature profile deck

This is the deck described in Sec. 1.2.

Procedure:

The temperature deck will be read in and each profile processed using the appropriate
salinity group until an EOF card is encountered; then the program will loop back to Card 1
(control card) to repeat the whole process on a new set of average salinity and temperature
profile cards. When an EOF card is encountered when Card 1 is read, the program will
terminate.

The running time of this program depends on the length and number of temperature
profiles. It is approximately 5s per profile. For most cases the total run will not exceed
5 min.
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2.5.5 Program SSCPDN Fortran Source Listing

PROGRAM SSCPCN
C PHOGRAM CALC~LATES b$LNU SFEEL FRtV XbT PROFILE USING DEPTW-SAL,
C OR TEMP-SAL, FROFILES# USING LEkCYS StCOND EOJUATION THE FIRST
C TbREE TERMS

DIMENSISN IDT(450),T (450),VEL(450),DV(450),PLTARRAy(254b#PD(450)t
1 P V C 4 5 0 )

CCMMSN/GDS/GC(tg,3C),GVA(1C,3J)aGVB(10,30)GSS(10,30)
CCMMON/uTS/GT(1Q030bpGST(10j30)
CALL PLOT$(P~lARRAY#254,10)

1 READ 2,IGPDNGFPIPSKIYPaIPltblIPRPIAVV
2 FeRMAT(713)

C C6NTROL CARD IGPz -LE, 0 TIEN LEFTH-bAL PROFILES
C : CGT. 0 7-EN TEI'F' SAL PROFILES
C NGP: NC, OF LARGE5T GROUP LE. 10
C IPSKS LT. 0 NL FRINlCUT JUST PLSTS
C ,EC, 0 ET1- PRlNTOlT AND PLOTS
C CT. 0 NE FLQTS JUST PRINVOUT
C IYRz YEAR CF PfREFLES
C IPUSs GI, 0 NC LEFTH-VEL CARDS PUNCHED
C LE. 0 FLNCHES CARUS
C IPRP: NC, SF FEINT5 TC SKIP BETWEEN PLOT SYMbOL
C IAVV: GT.0 N6 VEL LlMITb DECK ONLY T-S DECK
C OR SKIP FLOTTING VEL LIMITS

IF(EOF,60)100i3
C IGP:O - READ IN GREUF# DEPF`71 LEWER VELo UPPER VEL, AVE. SAL DFCK

3 IFCIGPLE,0) CALL CPSAL(NGP)
C IGP:I - READ IN TEMPERATLRF # SALINITY DECK
C IF VEL LIMITS DESIREE tECK WIhl FORMAT OF DEPTH SAL DECK MUST BE
C INSERTEU AFTER T.S DECK

IF(IGP.GT,() CALL TEPPSAL(NGF)
IF(IAVV,GTO)GC TE 62

IF(IGP.GTD) CALL EPSAL(NGP)
62 IF(IF`RPLE,0)IPRP=j
4 READ 5#IAA
5 FERMAT(14)
6 READ 7,NUMJCIMBILA, IHRIMbNPETMFILALAMNLALSLOM#NLENPPMS
*Q#MDSQIGSICEF

7 FeRMAT(1X 13,1X, I3,1X, I2.. w212,X, i2,lX, l2,lXA2,1XF4,1,1X# 12,lX,
YlEAl#I,lX,3,1X,12.Alpl~pA2.3X.1{,7XI2,j5X,I2,lXIj)

C XBT TjTLE CARD FORfiA7

IF (E6F- e63 ) 1, 8
8 READ 5,IAA
9 NcI

10 NNON+5
C READ DSPTH-TEMP MLST FAVE MRfE THAN ONE CARD

11 READ 12,NEMt(IDTtI)#TT(I ),I:NrNN)
12 FQRMAT(lX 3#6(I5,7F6,2))

N=NN+1
IF(N0M.EQNUM)GO 7 10
NN=NN.6
N:NN-5
rE 13 JjJcNNN
IF(TTCJJJ),UE,010)CS TE 14

13 CLNTINUh
C
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C
14 j

M;j
15 CFHgIDT(J)

TEPaTT (CJ)
IF'IGPLE,0) CALL SAL0FH(DFP-SAL:N#IGS)
IF(IGP.GT,O) CALL SALTEM(TFPSAIN#IG5)
C:DPH/10u0 0
ALAzFL0AT(LA)*(FL0AT(LAM)/60,0)
VCX1493,063,0*(TTC,)-10,0)&6,0*10.0**(-3)*(TT(J)-10,0)dl*2'410*10.0

1**(*2)*(TT(J>-18.0)**24l.2*(SALlN-35,O).JOlO**(.2)9(TT(;>-l8,O)*(S
2ALIN*35,0 *DPH/61.0
VA210,0**CP1)b*D.2 0*10,0**(^4)*0D*(*TT(,J)u18,0)**2*10,fl**(-1)*D*

I AUA/90 . 0
V$2:,6s10,0**(.4)*TT(J)*(TT(,)-5,0)*(TT(J).25,O)
DV(CM ) DPH
VEL(M) VO*VA*VB

IF(JiEQJ4*1)GO To 16
GC TO 15

16 !FCIPSKLT,0)GO TC 5C
PRINT 7,NUMJLMCjrAlHR, lMNNPBTMFLALAMNLALO#LOMNLONPPM

iSC#MDSQI0S ICGF
M:M.1

C Ps NO, OF DPHwVEL VALUES
PRINT la

18 FeRMAT(2H I)
PRINT 200

2Q0 FERMAT(BOH DPH(M) S. SPC CP1(M) St SP DPH(M) So SPD DPHCM)
S S, SPD VPHCM) S. SPD

IF(IFPS,GT,g)G8 Te 61
PLNCH 7,NUM JCIMS, IrAIRIMNNPETMFLALAMNLAL@,LcMNL0,NPPM

ISQMDS0IIQS ICOF
C DCMI)NDEPTH, VFLCI)zVELOCITY

61 PRINT 191(DV(IfVCVEL(I),#1ulM)
1F(jPUSGT.0)GG Te 60
PUNCH 19, (DV ) ,VEL (I)# 1"1M)

19 F6RMAT(5(F8,2,F8,2))
60 PRINT 20
20 FeRMAT(2H /i)
50 IF(jPSK,GT,0)G6 TC 6

C CCNSTRUCT GRIL
YY :0 g909.39D909

GXX 0 ,2
GYYY90 .2
CALL PLOT(0 0,0 0,3)
CALL PLOT(0C0*0,0,2)
GXa0 , 0
GY=0 0
XXX;1, 0
CO 21 K5111
GX=GX*XXX
CALL PLOT(GX*GY1)
CALL PLOT(GXsGYYY,1)
CALL PLOT(GXGY,1)
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21 C6NTINUE
GMAX=GX4 ,0
CALL AXCGXPGY'YY)

CALL NUMBERI1C,6 10,1, ,12.KUM,01 0,2H14)
CALL PL@TIGX#GY,3)
CALL PLOTCGX#GY,2)
GYYYYZGY-GYYY
D0 22 Kz1o11
GX2GX.XXX
CALL PLST(GXGY#I)
CALL PLOT(GXGYYYY#)
CALL PLOT(GXsGY.1)

22 C6NTINUE
KLM=1440
CALL NUMBERC.,2,104 1,1Z KLMC0 .02W14)
CALL $YMBOL(4,2,10,1, 12,14VELECITY tM/S)o0.0rl4)
CALL PLOT(GXIGY13)
CALL PLOT(GXoGYe2)
CALL AXX(GX#GYsYYsGX))
CALL SYMBOLC..6,5,C,12,9HEFPT1 (M),90.0,9)
CALL SYMB@LI,52.5#,12,15HCFP , VS S, SPD.,0,0,15)
CALL SYMB0L(, 52, ,01211HPHeFIlE N9 .0,0,11)
CALL NUMBER(1173,s2,O, 1.2NLM,,00q2113)
CALL NUMBERt,5s1.5 s12#O6 ,0,C02Hl2)
CALL SYMROL (76,1 , ,,121H/.0,0#1)
CALL NUMBER( 91.1.51 12 IDAOO,21l2)
CALL $YMB0L(1,17#1,!; #1211/#0,0#01)
CALL NUMBER(1,32,1, 5.12,IYR 0,0°2F12)
ITMz( IHH*10D*IMN
CALL NUMBER(1 8,15, 12 ITTP¼#0 #2Hl4)
CALL SYMBQL(2#26j1,5 ,1211-Zo0,0,1)

C PLOT PROFILE
CFAC:0 00181818
DE 23 I1,#M
PVCI) (VE6l(I v440.) * ,
P[(J>v(55o0 0.V( I))*DFAC
IF(PVCI).LT,0,0PVCI)r0,o
IF(PV(I),GT,11,0)PVCI):11,0
IF(PDI) .LT,0,0)PCI5)0 .0
IF(PD( 1,GTQ 10 )0MPE)10 C

V3 CENTINUE
CALL LINE(PVsFD#M.11PQ4. FPRP)
CALL PLOT(0 0#0,0, -)
CALL 5PACEVO

C PLOT LWER AVE. SeLNC SPEEr
IF(IAVVGT,0)Ge TO 6
DE 24 11.30
IF(QVACIGS#I),LT,0,0)GC TO 25
PVC )2CGVA(IGS.I)-1440,0)*;l
PL(I) (5500, 0GP(ICS. ))*DFAC
IF(PVCI).LT,0,0)PVCI)z0.0
IF(PV(I).UT.1,,0)PVI)=l:l,0
IF(P I) .LTj.0O)PCCI)aO 
IF CPD( I)GT,1.0 0 )PECI):1.0 .
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24 C¢NTINUE
25 CALL LINE(PVIPDJ.1.#,,01 1'

C PLOT UPPER AVE, SOUNE SPEEC
De 26 I;1IJ
PV~j)w(GV8 jGStj)-I440,0)* 1
IF(PV(I) 4To o1PVC()z0.0
jF(PV(l).QTjllO)PV(j>gjj.O

26 CCNTINUE
CALL LINE(PVPD#J,1.1, .01.i)
CALL PLOT(GMAXOOQo-3)
CALL SPACQO0
GO TO 6

100 CALL SPACEQO
CALL STOPPLOT
END

SUBROUTINE DPSAL (KGP1
C READS IN QEPT1 VEL#AVE, SALINITY PROFILES

CCMMON/GDS/Gf(l1O3C),GVAC10,30),GVE(1Q30),GS<i0e3U)
De I J01010
De 2 jJJ:130

GVA(J#JJ)c-99 4
GVHCJ#JJ)uX996 0
GSCJ JJ J)99 0

2 CENTINUE
1 CQNTINUE
3 NS1
4 READ 5,IGuID1-,SPA.CPEoASAL
5 FeHMAT(1X I4l5X# I5#,XF7,2 3X#F7i2,3XF7.2)

IFCIGLEO)GG TO IC
GCCIG#N)9IDH
GVA(IGvN)nSPA
GQV(IGoN)CSPE
GS(IGN)9ASAI
N;N~j
IGG=3IG
GE TO 4

10 IF(IGG.GENGP)GO TE 20
G6 TO 3

20 RETURN
END

SUBROUTINE TEPPSAL(NCP)
C6MMON/GTS/GTI0#30 ),GST(10#30)

C READS IN TEMPwSAL FRCFILES
DC I Ja 110
DE 2 4J;1#30
GT0 JJJ )w99,Q
GST #JO)4w99lO
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2 C6NTINUE
1 CONTINUE
3 Nzl
4 READ 8aIGTEMPlASAL
5 FeRMAT(X, 14,5X,2F10,0)

IFCIGLO)GC TO 10
GT(IGN)=TEMP
GST(1GN);ASAL
IGGzI G
N=N41
GO TO 4

10 IFCIGG-GE,NGP)GO IC 20
GO TO 3

20 RETURN
END

SLHROUTINE SALCPH(EP>ISALIK#IGS)
CeMMON/GDS/GCE1,O3C)1GVACIfl30),GVE'C1Q30),3S(1O30)

C CALCULATE SALINITY FSFO CPW-SAL
I j;2
2 IF(GB(IGSsJ),GEDPF.)C TE 3

J=J+1
GO TG 2

3 SALN;(GS(IGS J))-((CDOIGS,41-CPR)/(GC(IGS.J)-GD(IGS J-±))*(GSIIGS
l#w)-GS CGSsJ-1) )
RETURN
END

SLBRGUTINE SALTEM(TEFoSALIKIGS)
C CALCULATES SALINITY FRCM TEMP-SAL

CGMMON/GTS/GT(10,30),GST(C0,30)
1 %J-2
2 IF(GT(IGSjJ)vLETEF)GO TO 3

GO TO 2
3 SALJN;(GSTIIGS,J))-((GTCIGSj1-TEP)/(gT(IGS#J)-GT(IGSJ-1))*(GST(I

jGSj)-G5TIIGS#J-1 )))
RETURN
END

SUBRRUTINE AX(GXoGYoYY)
GGX GX-D0 2
Do 1 J111
GY=GY4YY
CALL PLOT(GXPGY,1)
CALL PLOTCGGXoGY,1)
CALL PLOTCGXGyF )
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1 CENTINUE
RETURN
END

SId3ROUTINE AXX(GXGYYYIGXN)
WlxMuC000

GNY;O,121818181
GNXa-0 .5
DC 1 J.10 
GY2GY-YY
CALL PLOTCGX#QY.±)
CALL PL0T(GXX#GYj)
CALL, PL0T(GXGY,1)
GYqGY.YY
CALL PLOT(GXGY,1)
CALL PLQTCGXXaGY,1)
CALL, PLWT(QGXGY41)
CALL NUMBER(GLXGNY 1.2,NUPtCO,21I4)
CALL PLOT(GX#GY.3)
CALL, PL0T(GX#GY,2)
NzMUNUM*1000
GNYxGY-1 .878181%88

1 CENTINUE
GY=GY-YY
CALL, PLOT(GX,.GYe1)
RETURN
END

2.5.6 Sample Output - Program SSCPDN produces the following outputs:

1. Plot of sound speed (1440 to 1550 m) on a 27.9-cm abscissa vs depth (0 to 5000
m) on a 25.4-cm ordinate, shown in Fig. 14. Each calculated sound speed is denoted by
an octagon symbol. The values obtained by adding and subtracting one standard deviation
from the mean sound speed are connected by straight lines. Plots are made on a 10-in.
plotter.

Legend on bottom left:

Title

PROFILE NO. ***

Date and time (example: 5/9/74 2230Z)

2. Punched card deck consisting of a title card followed by pairs of depth (m), and
sound-speed (m/s) values, five sets of values to a card. This deck, called the sound-speed
deck, has the following format:
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1440

1000

2000

R

C,

3000

4000

5000

VELOCITY (M/5 I 550

Fig. 14 - Calcomp plot of calculated sound speed (square symbols). Solid line, plot of one standard
deviation above and below archival grouped average sound speeds.

Card 1: Title Card

Column Format Description

3-4 12 Profile number same as temperature profile number

6-8 13 Julian day

10-11 12 number of the month

13-14 I2 day of the month

16-17 12 hour (Zulu)
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Column Format Description

19-20

22-23

25-28

30-31

33-34

35

37-39

41-42

43

45-46

50-52

60-61

77-78

80

12

A2

F4.2

12

12

Al

I3

I2

Al

A2

I3

I2

I2

I'

Card 2 to N:

Column Format

1-8 F8.2

9-16 F8.2

17-24 F8.2

etc.

minute

type of XBT probe used (if given)

surface temperature (if given)

latitude degrees

latitude minutes

N or S

longitude degrees

longitude minutes

E or W

type of XBT paper used (if given)

Marsden square (if given)

10 degree square (if given)

salinity group number

profile confidence indicator,
=1; profile good
=0; profile doubtful

sound-speed data deck

Description

depth (m)

sound speed (m/s)

depth (m)

pairs of values repeated five to a card, until all
values punched

Each temperature profile produces a sound-speed profile deck having the above format.
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3. Printout of title and sound-speed profiles having the same format as the punched
cards, shown in Fig. 15.

1 129 5 9 10 30 T5 25,t 19 406 60 364 T5 43

OPH (M)
0 ,00

43.n0
62.0 0

144.00
237,00
4 6.00
80 4 ,00
884 .00

1641 .00

5, SFD,
1537,47
1536,20
1535, 47
1533,77
1525,11
1514,56
1494, 51
1491 ,55
1496,34

DUH (M )
13, o
61, 0
91,u0

150, 'O
255,30

z62,00

1648, ? 

S, SPD
1537,29
1535 ,66
1534,96
15 3, 87
1523,59
1511 ,89
1453,71
1 4 9 1,19
1 49 , 41

F H (M )
21,00
65,00

275.00
53.1 00
047.00

1c46,00

5, SFP
1537,53
1535,30
1535 ,57
1531,17
1521 ,92
1511 ,25
1492,90
1491 ,51

DPH(M)
2 5o00
73,o0

1 0 t , 0
2U9,00
346,00
616,00
367,00

1247,00

2 129 5 9 12 30 T7 25,6 19 55N 60 144 75 43

P H (M)
0,00

18. C 0
52. (0

120 .00
159 .00
105 . n0
220.00
330.00
538.00
72", 00

s, SPrf
15Z7 , 00
15 36 , 26
1535,95
1535 ,73
15C4,99
1532,o3
15Ž6,30
1519 ,79
1506,99
1494 ,e 9

DPH (M)

23, JO

138,v
166,30
190,40
226,30
385.20
56 , 40
806, 00

s, spt
1537 ,12
1536,I6
1536 ,04
15Z5,66
1534,84
1531 .5e
1526,92
1517,42
1505,97
1492,52

EFF_(M )

29,00
6e.00
14.00

171,00
19 ,0 0

23.00
423.00

03,00

e2.9,0 0

s, SPE
1536,94
1536 .08
1535 ,81
1535,57
15

34
j 40

0530,33
1525,69
1515,07
1503,75
1492, 65

DPh (MC

9 4 , 0 0
g4,00

10o,00
177,00
202,00
245, 00
450 ,00
597,00

90

5. SpD
j536,93
1535, 49
1535 ,69
1527.82
1520,28
1506.66
1492,83
1492 , 98

90

S. SpD
1536 .82
1536. U7
1535,77

535 .62
1533,47
1529, 89
1525,48
1513.17
1502.92

1 1

OPH ( P )
29,00

79,00
137.00
222,00

1446.00

DPH(M)
15, no
47, nu
113,00
153, 0u
182, o0
213, n0
283 , 0 0
478, 00
671, 00

5 129 5 9 18 30 T5 26,1 20 24N 60 22w 75 79

UPH (M)
0.( 0

26 .00
10 4.00

179.0 0
263. o0
465.0 0
67F . 0o
893.0 0

1642.0 0

SI SFr
1537,00
1535 , 76
1535,75
1531, 95
1523.41
1513,99
15010, 89
1453, 26
1 49 6.,73

DPH (M)
6, 10

46, J0
111, J0
193, J0
29i , J O
511, i0
697 -,0

1042, 0
1792, -0

S, SFD
1537, 12
1535,55
1535, 89
1528,97
1522,0 0
1511,31
1501,43
1492,63
1490 8c8

F H (M)
9.00
40,0 0

117.00
005,00
343,00
556,0 0
74 2 ,00

114 . o0
1e74 ,00 

s, SFE
1536 , 94

1534,90
1535 ,52
1528 ,85
1520,83
1509,59
1499 ,56
1493 ,61
1S00,67

DPH(M)
t,100
61,00

147, o0
225,00
400 . 00
592,00
792, 00

1292,00
1990.00o

S. SpD
1536,52
1534. 71
1535 .82
1527, 19
1517,60
1507 .02
1496 .22
1494 * 15
1501 ,81

DPH(V)
16,00

5,no
166, 00
243, no
448, no
641, 00
842 , 0u

149, n0u

S. SPD
1537.27
1535t15
1534.40
1526,05
1519 ,28
1501.27
1492,27
1494. 30

1I

S. SqPT
153 A 64
1536 .30
1538,69
1535 .41
1532.,76
1527,59

1521 .90
151 0 , 56
149 .90

11

5. SPD
1536 .44
1534.31
1534 .59
1525.46
1516. 00
1503.87
1494,74

1495.06

Fig. 15 - Printout of calculated sound-speed profile

2.6 Report Plots (XREPDN and SSDSDN)

This final set of two programs plots the temperature profile, sound-speed, and archival
average salinity decks in a condensed format suitable for reproduction in a report. Six tem-
perature and sound speed profiles and three average salinity profiles are produced on a page-
sized plot.

Program XREPDN plots the temperature deck, while Program SSDSDN plots the sound-
speed and average salinity decks. All the sound-speed profiles of a set are plotted, followed
by the salinity profiles that were used in their calculation. Program XREPDN will be dis-
cussed first, then program SSDSDN.
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1. Program XREPDN

2.6.1 Program Control Cards (XREPDN) - Same as Section 2.5.4.

2.6.2 Data Cards

Card 1 to N: temperature deck (described in Section 1.2). An EOF card at the end
of the deck will terminate the program.

2.6.3 Program XREPDN Fortran Source Listing

PROGRAM XRtPCN
C PROGRAM PLOTS XBT rIGITIZEr tATA FeR DATA REPORT
C SIX PLOTS To A PAGE - E. WIILE
C DIMENSION ID(tOO).TP(100),X(100),YolO0),PLTAPRAY(254)

CIMENSION ID(9OO),TP(900) X(50O),Y(900),PLTARRAY(254)
CALL PLOTS(PLTARRAY,254,110
XAXX2 ,5
YAXa3 0
TPAXF30, -
DMAX;200 , 0
ILMAX:20 0
IIMAX:30
rMNUP0
TFAO;XAX/TMAX
rFACPYAX/DMAX

1 READ 2,IA
2 FCRMAI(12)
3 NP:1
CALL PLQT(0,0,5,08-3)

4 READ 5,NOM,,JDeIIRNsICEF
5 FERMAT(1Xl3,4#7X,12#IX, 12,59XeIl)

IF(EOF'66)100#6
6 READ 2,IA
7 Nw1
8 NN:N*5

RtAD 9,NUMsC (I),TP(), I5 NN )
9 FCRMAT(jX, 13,6(I5F6.2))

N3NN*1
IF(NUM.E0,NeM)G ICE e
NN:NN-6
N;NN-5
IF(NLT,4)G0 TO 4
DO 10 JJJN#NNI
IF(TP(JJJ),LE,0,0)GO TE 1l

10 CONTINUE
11 CALL PLOT(0,0#0,0,2)

CALL PLOT(XAX#0,0,4)
CALL PLOT(XAX#YAX,1)
CALL PLOT(OOYAX.1)
CALL PLOT(0,0.0,081)
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IF(NPGT.1)Ge TO 12
CALL NUMBER(.,5 .06 ,12 ICVAXO C 2HI4)
CALL SYMBOL(w,18,1,05#.12rQHCEP1H (M),90.019)
CALL NUMBERC C19,2.94 12, "N, .00 2H11)
CALL NUMBER(9,03,3412,.12*,NL,,o0,2HI1)
CALL SYMBOL( ,e6,312, 12,8klEVP CCEo O O)
CALL NUMBER(2,4,3,12, ,12 ,IAXO,02Hj2)

12 Do 13 J;1rJJ
1F(CD(J).GTICMAX)GQ TE 14
X(J)PTP(J)*TFAC
Y(J)x(DMAX-FLEAT(jE(C)))*DFAC
NNzj

13 CONTINUE
14 CALL LINE(XY#NN, 1,-1,01s0)

ITME;CIHR*10O0)MTN
CALL NUMBER( 2, .1,12,.D,0!Q#2H13)
CALL NUMBER(C69,.1..12,iTMEOtO2H14)
CALL SYMBOL(110 .1. .12#1H7P0.0g1)
1F'ICOFLT 1)CALL CME(1@1w21T@@1
IFCNPEOQ3)'G TO 20
1F(NPEQ.6)GO TO 21
NP=NP*1
IF(NPLE.3)CALL PLEV(XAX#510#-3)
1F(NPGT.3VCALL PLET(XAXr240t-3)
GE TO 4

20 XX=2,0*XAX
NP NP+1
CALL PLOT(-XX,2,0,.3)
GE TO 4

21 XX=XAX*4.0
CALL PLOT(XXV.0#-3)
CALL SPACEOO
GO TO 3

100 CALL SPACeDO
CALL STOPPLOT
STOP
END

2.6.4 Sample Output- Program XREPDN produces six plots of depth (0 to 2000
m) (ordinate) vs temperature (0 to 300C) (abscissa), on a 10-in. plotter, as shown in Fig.
16. Each plot is 6.35 cm (2.5 in.) by 7.62 cm (3 in.), with an overall dimension of 19.05
cm (7.5 in.) by 15.24 cm (6 in.). Only the first plot on the top left side of the page is
labeled. The plots are ordered left to right, top to bottom. If a profile was marked as
doubtful, an asterisk (*) is plotted in the lower right corner of the plot.

Legend on bottom left:

Julian day and time Z (example: 129 1030Z)
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Fig. 16 - Calcomp plots of six temperature profiles.
a profile noted as doubtful.

Asterisk denotes

2. Program SSDSDN

2.6.5 Program Control Cards (SSDSDN) - Same as Sec. 2.5.3.

2.6.6 Input Control and D,

Card 1: control card

Variable Column I

IDSS 2

IDSL

NGP

NPL

VMIN

VMAX

3

4-5

7-8

11-20

21-30

ata Cards

Format Description

Ii =1; sound-speed plots
=0; no sound-speed plots

Ii =1; archival average salinity plot
=0; no salinity plot

I2 Group number (largest) of the last
average salinity group

I2 number of points to skip between
plotting symbol (same as IPRP of
Sec. 2.5.4)

F10.2 minimum sound-speed limit of plot (m/s)

F10.2 maximum sound-speed limit of plot (m/s)
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Variable Column Format Description

DMAX 31-40 F10.2 maximum depth of sound-speed plot (m)

DSMAX 41-50 F10.2 maximum depth of average salinity plot
(m)

SMIN 51-60 F10.2 minimum value of salinity plot (ppt)

SMAX 61-70 F10.2 maximum value of salinity plot (ppt)

XAX 71-75 F5.2 length of X (sound speed or salinity)
axis in inches

YAX 76-80 F5.2 length of Y (depth) axis in inches

CAUTION: The dimensions of the average salinity plots will be XAX
by 2 YAX inches.

Card 2 to N: IDSL = 1 option

Average salinity deck as described in Sec. 2.4.4(5) or Sec. 2.5.4.

Card N+1 to M: IDSS = 1 option

Depth vs sound-speed deck (including title cards) as described in Sec. 2.5.6(2). Insert
blank cards as described in procedures below.

Procedures:

A blank card must be inserted after the last depth vs sound speed card and before the
next title card of each profile. Do not place a blank card before the first title card of a
set. An EOF card ends a set and the program goes to Card 1 (control card) for a new set
of average salinities and sound speeds. When an EOF card is read in the Card 1 position
the program terminates. Both input decks (average salinity and sound speed) are required
for the sound-speed plots, but for plotting only salinities (IDSS = 0), the sound speed deck
may be omitted.

2.6.7 Program SSDSDN Fortran Source Listing

P"'f(;RA'A ssnsCC'
CO PWnrfRA.4 ro PLOT EITh'ER nEPTH VS. SOULJN SPFFn op nFPTH VS,
r AvF SALINITY DR ROIH. FOR REPOCRTo SIX SOUNq cPEEr AND THREE
C Sl.CINITY PLOTS TO A PA(iE. ORITTFN FOR OP- 74 - 0. NJCTTLE

DIMENSTON nPT(90O),*S(QOO),DPH(lO,3o),SAL(1l9,3n)9SSA(103)ltSSR(lo
l,3i),X(90o) ,Y(900),b'LTARRAY(254)
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CALL PI OTS(PLTARRAY*254910)
1 REAP e TDSSTDSLNGHNPLV4INVMAXDQ4AXDSMAXSMINSMAXXAXYAX

c IOSS .IE. n THEN NO SOUND SPEED PLOTS

C IUlSL -LE. n THEN NO DEPTH SALINITY PLOTS
t WiNP = no. OF LAST GHOUP

C VWTN = MINo S. SPEEk) V4AX = MAX. So SPEED

C D14AX = MAX, DEPTH O-SS PLOT DSMAX = MAX. DEPTH D-SAL PLOT
C SmTN = MIN. SAL. SMAX = MAX. SAL.
C X'X = IFNGTH OF X-AAIS INCHS YAX = LENGTH OF Y-AXIS INCHES

2 FURMATT(1X,?T1,12,1X.I2,2X,6F10.292F5.2)
IF(EOF960) 10o,3

3 VFAC=XAX/(VMAX-VMIN)
OF AC=YAX/nMAX
SFAC=X4X/(SMAX-SMIN)
OSFAC=(?.(0*YAX)/DSM"X
I i) 7 = 0
IOMAX-I)MAX
I;sMAx=DsMAx
I ;mIN'iMTN
IVMAX=VMAX
ISMIN=SMIN
ISMAX=SMAX
TYAX=2o0*YAX
ACnF=XAX-O.1
O 4 J=1'1A
Df S JI=1,3n
DH(j JJ)= -99.0

5 CONTINIF
4 CO)NTINICF
6 N=1
7 READ 8.TGIDHSPASIHASAL
R FORMAT(lXT4,5XI5.3XF7.Ze3XF79e23XF7.?)

IF(IG.LE.Fl)GO TO 9
DE-H IT7N) =TDH
SSA(IG.N)=SPA
SSP (IGN) =CSP
SL (IG.N)=ASAL

I (, r,= I C,
G(u TO 7

9 IF(IGG.GE.KIGP)SO TO 10
G6 " TO A

10 IF(IOSC.LF.0)GO TO "0
I] CaLL Pl OT(0.0§15#09-.j)

NH= 1

12 READ 1*.NOMJDIHRQMIN, IGSICOF
13 F(RMAT(1XT3,14,7X.I2,1XI2?56Xl2.IX9T1)

IF (E0F960)45914
14 N=1
15 N,\=N+4

16 READ 17,(DPT(I),SS(1),I=NNN)
17 F0RMAT(5(?FA.2))

IF(SS(Nl).LF.0.O)GO 10 18
N=NNN1 
GC TO 15
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18 NN=N-1
N=NN-4
D(1 19 Jjj=NNN
IF(SS(JIJ),LE*O.O)GU TO 20
J)=JJJ

19 CONTINMF
20 C.,LL PC.OT(O.,O.O92)

CALL PLOT(XAXO.O,1)
CALL PI-OT(XAXtYAX91)
CALL PIOT(O.09YAX9l1
CALL PLOT(O.OO9.091)
IF(Np.ST-I)GO TO 21
CALL NIIM'3EP(-.5,-.Ot), 12,IDMAX,0.O02HI4)
ALAR=(YAX/2*0)-.45
CALL SYMBOL(-*18,ALAB9.12,9HDEPTH (M)*90s099)
A L.AB= Y AX -. 6
C;LL NlIMBER(.19,ALABH.l2'IDZto.02HIl)
AL AR=YAX+ 1?
C4LL NilMBEp(-.19,ALAB .12,IVMINT,.002HT4)
AlAR=(XAX/2.0)-.86
BLAR=YAX+.17
COlL SyMBOL(ALABBRLA8,.l2,17HSOUND SPEED (M/S)90.0917)
ALAE=XAX-.19
CALL NtIMBFP(ALABb8LA .12, IVMAX,0.0,2H!4)

?1 DO 22 J=19JJ
IF(DPH(J).GT.DOAX)G(J TO 23
X(J)=(CS(J)-VMIN) *VIAC
Y(J)=(OMAX-DPT(J))*UJFAC

?2 CONT INUF
23 C6LL ITNE(X9YNN,1,lI.n3,NPL)

ITMF=(THR*1on)+MIN
CALL NtJMBEp(.2,.1l.129JD90.092HT3)
CALL NUIMBER(.69..1 .12 ITMEoO2HI4)
CtLL SYMBOL(I-109*19,1`9HZ90#091)
IF(TCOF.LT.1)CALL qYMROL(ACOF9.19.121190.09-1)
J=n
N =O

24 J=J+l
IF(I)PH(IGS,;J).GT.DMAX)5O TO 25
X(J)=(qSA(IGSJ)-VMIN)*VFAC
Y(J)=(DMAX-DPH(IGS9J))*DFAC

GO TO :4
25 CAIlL LTNE(X9YsNN,1 N-1,.011)

DO ?6 I=l*NN
X L)=(SR(TGSJ))-VNlN)*VFAC
Y(J)=(nMAX-oPH(IGS.J))*DFAC

?6 CONTI :ICF
C--LL LTNE(XYqNNl#-I9.9l,1)
IF NP.rO.3)GO TO 27
IF(NP.r'.6)GO TO 28
NP=NP 1

IF(NP.E.3)CALL PLOi(XAX,5.-C,3)
IF(NP*(T.3)CALL PLOI(XAXi,2.09-3)
GO1 TO 1?
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?7 XX=?.O*XAX
NP=NP+,
C: LL PIOT(-XX92.0 -4)
GO TO 1 P

PR XA=XAX+4.O
C4LL PiOT(XXqf.O,-3)
C-1L SPACFnn
G) TO 11

45 IF(NP.CT.4)XEFND=(XAA*(4.0-FLOAT(NP)))*4.or
IF(NP. EF.4)XEND=(XAA*(7.O-FLOAT(NP)))+4.0
CU'L PlDnT(XFND,0*0,-3)
C4LL SPACEnO

Cn IF(TDSL.LE.n)GO TO i
N S = I

51 Nu-=1
1;2 CULL PiOT~n-092-09-3)
53 CaLL P0OT(XAX,0.O,2)

CILL PiCOT(XAXqTYAX91)
C4 LL PL.OT (n.,TYAX,1)
C'ILL Pl OT(n.q'0.091)
IF(NPP.rT.l)fO TO 54
COlL N!IMBEP(-.5,-ob* l2,IDSMAXO.0,2HT4)
ALAH=(TYAX/?.o)-.45
CiLAL SYM1IM (-.1l,4ALA8.12l9HOE>TH (M),9O*n~,9)
AL A8=TYAX-.n6
CALL N-IMRFP(-.19,ALAuR.12,IDZO.O92HI1)
Al AR=TYAX+ 12
CALL NiQMBFP(-.O9ALAB .12,SISMINO.O,2H12)
ALAR=(XAX/?.0)-.96
HLAR=TYAX+;17
ClLL SYMROL(ALAB,8LA8.12919HAVE* SALINITY (PPT)hO.n,19)
ALA B=X8X-.n9
8L[AR=TYAX+.212
CALL N;IMFER(ALARBLA9, .12, ISMAX,0.0,2HI2)

S4 IF(DPH(NS j).LT..O)GO TO 55
GO To -(,

ss NS=NS.l
Ip(NS.EF.NGP)GO TO 54
Gf TO 75

q6 Ntl=1
q7 IF(DPH(NSNN).LT.O.o)GO TO 58

IF(OPH(NSNN).ST.DSMAX)G0 TO 5s
X(NN)= (SAL(NS NN) -SMIN) *SFAC
YVNN)=(DSMAX-DPH(NSvNN))*DSFAC
NN=NN+ 1
GO, TO c7

58 N!J=NN- i
CALL LTNE(XY-vNN, l''.O0jO)
CALL SYMBOL(.2t.19.9129HGHOUP NO*.,0.O,9)
CALL NlMBREp(1.23,*19..lNS,0.O,?HII)
Np=KIP NP.

NS=NS. l
CALL PL-OT(XAXO.O9-,)
IF(NSGT*.NGP)GO TO 15
IF(NP.CfT.3)G0 TO 59
GO TO :;2
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59 CALL PLOT(4.n,0.00-J)
CALL SOACEO0
GO TO F1

75 XEND=(XAX*(4.0-FLO0A(NP)))+4.O
CALL PlOT(XFND~oe0.-3)
CALL SPACEOO
Go TO 1

100 CALL SPACFOO
CALL STOPPLOT
E qn

2.6.8 Sample Output - Program SSDSDN has the following outputs.

1. Plots of depth (ordinate) vs sound speed (abscissa); six plots to a page, shown in
Fig. 17. The size of the plot is determined by the input parameters (Sec. 2.6.6); each plot
has three separate traces, the calculated sound speed (m/s) denoted with a symbol, and the
upper and lower standard deviation from the mean archival sound speed. Only the first
plot on the top left is labeled. Plots run top left to right, then bottom left to right. Any
plot designated as questionable will be marked with an asterisk on the bottom right side.

1X50 SOUND SPEED iM/S ISSO
0

129 1030 129 1230 129 1230
Ž000

129 2230 130 30 131 Ž30

Fig. 17 - Calcomp plots of six sound-speed profiles. Asterisk denotes
a profile produced from doubtful temperature profile.

Legend on bottom left of each plot:

Julian day and time Z (example: 129 1030Z)
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2. Plots of depth (ordinate) vs average archival salinity (abscissa); three plots to a
page, shown in Fig. 18. The dimensions of the plot are determined by the input parameters
(Sec. 2.6.6), (XAX by 2 YAX). Only the leftmost plot is labeled.

32 RVE. SRLINITT CPPT) 38
0

2500 r ROUP ND. GROUP NO. GROUP NDO

Fig. 18 - Calcomp plot of three salinity profiles

Legend on bottom left of each plot:

GROUP NO. ** (salinity group number)

All plots are made on a 10-in. plotter.

3.0 CONCLUSION

It has been the intent of this report to present a series of programs and procedures
that process depth vs temperature data. These programs are organized into a data flow
system with advantages of speed, accuracy, and flexibility. The programs were planned
to run concurrently with an experiment from the planning phase, where the archival data
and charts can be used, to the reduction of temperature data to sound speeds for use in
acoustic predictions and calculations. This system, now being used by the Naval Research
Laboratory, gives consistently good results.
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